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INTRODUCTION 
Seed yield improvement is a primary objective in soybean 
breeding. Direct selection for seed yield requires 
relatively expensive yield trails. Also, the effect of poor 
environmental conditions may reduce the expression of the 
genetic potential for yield, making selection difficult. For 
those reasons and others, breeders are continuously searching 
for yield related traits that may enhance seed yield. 
Various morphological, developmental, and physiological 
traits have been shown to be related to yield. Some of these 
traits are small leaflet size (Moraghan, 1970; Metz et al., 
1984), lodging (Weber and Fehr, 1966; Cooper, 1971), duration 
of seed filling period (Dunphy et al., 1979; Gay et al. 1980; 
Nelson, 1986), and plant nitrogen (N) content at R5 (Jeppson 
et al., 1978; Smith et al. 1988). 
It has been hypothesized that the soybean plant is 
"self-destructive" due- to a substantial amount of N 
remobilization from vegetative plant parts to developing seed 
to sustain seed growth (Sinclair and de Wit, 1975, 1976). A 
large amount of N mobilization leads to loss in physiological 
activities of leaves, thus may promote leaf senescence which 
in turn may restrict the seed filling period and ultimately 
limit yield. The authors predicted, using a growth 
simulation model, that an increase in seed yield would be 
possible if a greater amount of N would be stored in 
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vegetative tissues. 
There are two ways that one might increase the N supply 
to the seed: 1) By selecting genotypes with higher N 
Content at R5. Higher N content implies the potential for 
greater N mobilization (Shibles, personal communication); 
2) By selecting genotypes with greater N mobilization 
efficiency. Efficiency up to 80% in N mobilization has been 
reported in some studies (Pate et al., 1977; Loberg et al., 
1984) which gives little opportunity to select genotypes with 
even greater efficiency. 
The objective of this study was to determine the 
response in seed yield from a tandem selection scheme in 
which; 
a. The first step was to select desirable lines from each of 
two single cross populations (1X139 and 1X149) for 
morphological and developmental traits, using independent 
culling in this first portion of tandem selection. 
b. The second step was to select for high plant N content 
at the R5 stage among the previously selected lines in 
the second portion of tandem selection. 
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LITERATURE REVIEW 
Light Penetration 
One of the factors hypothesized to limit soybean yield 
potential is the lack of deep light penetration into the 
soybean canopy (Shibles and Green, 1969). Canopy 
characteristics have a great influence on the amount of light 
intercepted by lower leaves (Shibles and Green, 1969). An 
open canopy type (canopy in which light can penetrate more 
deeply) that is often associated with small leaflet size has 
been shown to be more efficient with respect to light 
interception than a closed canopy type (canopy in which most 
of the light is intercepted by the outer leaf layer) that is 
associated with large leaflet size (Shibles and Green, 1969). 
The openness of the canopy is related to leaf area density 
(leaf area per unit canopy volume) of the canopy and leaflet 
angle with respect to the sun. Leaflet size is one of the 
several factors that determines leaf area density. 
Shibles and Weber (1965), in an attempt to relate Leaf 
Area Index (LAI) and light interception to dry matter 
production, observed a linear relationship between % light 
interception and rate of dry matter production. They found 
that a LAI greater than required for maximum light 
interception did not decrease the dry matter production, 
suggesting shaded leaves of a soybean canopy are not 
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parasitic. Studies by other researchers (Sakamoto and Shaw 
1967; Shaw and Weber, 1967) indicated that most incoming 
radiation was intercepted primarily near the top and 
periphery of the canopy. The large amount of the self-
shading and the predominant interception at the periphery of 
the canopy indicates that many middle and lower leaves do not 
receive sufficient sunlight for photosynthesis, thus limiting 
the potential for greater productivity. 
To determine the seed yield contribution of soybean 
leaves in the lower, middle, and upper level of a soybean 
canopy, Johnston and Pendleton (1968) removed the upper, 
middle, and lower third of the leaves of soybean plants and 
compared them to nondefoliated soybean plants. They observed 
a yield reduction of 17, 22, and 4% from removing the upper, 
middle, and lower third of the leaves, respectively as 
compared to nondefoliated ones. They found that removal of 
leaves from any region of the plant not only reduced the 
yield of that region, but also affected the yield of other 
regions of plant. Authors in all of these studies suggested 
that an increase in soybean yield might be possible by 
increasing the amount of light that reaches the middle and 
lower leaves of plant. This emphasizes the importance of 
canopy characteristics that allow deep light penetration into 
the canopy. A study by Johnston et al. (1969) clearly 
demonstrated the importance of light penetration into the 
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canopy and its relation to yield. They exposed the top, 
middle, and bottom regions of soybean canopy to supplemental 
lighting and found a 258% increase in apparent photosynthesis 
for the lower leaves and a 50% increase in the middle leaves. 
Corresponding seed yield increases in the top, middle, and 
bottom regions of soybean canopy in response to supplemental 
lighting were 2, 20, 30% respectively. 
Moraghan (1970) in a search for yield related characters 
evaluated unselected soybean lines in various row spacings. 
He found that lines that possess a more open canopy and 
smaller leaflet size were more responsive to narrowing row 
width and produced higher yields than those with a more 
closed canopy with the larger leaflet size. Metz et al. 
(1984), in an evaluation of soybeans lines with respect to 
leaflet size and canopy characteristics, also found a close 
association between leaflet size and high yield in medium and 
late maturing populations grown in narrow rows. The 
association of an open canopy and small leaflet size with 
yield seems to be a result of allowing deep light penetration 
into the canopy, which in turn allows more leaves to be 
illuminated and become photosynthetically active, thereby 
producing more dry matter. 
A second factor that influences the openness of the 
canopy is leaf angle. The effect of leaf angle on 
photosynthesis was studied by Pearce et al. (1967) using 
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barley seedlings. He observed that vertically oriented 
leaves have a higher photosynthetic rate than horizontally 
oriented leaves as a result of allowing more light to 
penetrate into the canopy. The relationship of leaf angle to 
yield has been studied by several researchers (Pendleton et 
al., 1968; Lambert and Johnson, 1978; Kokubun and Watanabe, 
1981). Pendleton et al., 1968 evaluated the yield 
performance of isogenic corn lines that differed in leaf 
angle. They observed that lines with an upright leaf type 
produced more yield compared to those with a more horizontal 
leaf type. A similar conclusion was reached by Lambert and 
Johnson (1978) when they compared corn hybrids with an 
upright leaf type with those with normal leaf type. Kokubun 
and Watanabe (1981) in soybean obtained higher growth rate 
and higher seed yield by physically orienting the upper 
leaves of soybean in a vertical position. However, the yield 
increase was not significant. 
The review of literature suggests that in order to 
enhance crop productivity one should use plant canopy 
characteristics that allow deep light penetration into canopy 
and reduce the shading of lower leaves. 
Lodging 
Lodging is a common problem in soybean production and 
has been shown to reduce seed yield in soybean (Weber and 
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Fehr, 1966; Cooper, 1971; Noor and Caviness, 1980; Woods and 
Swearingin, 1977) as well as in wheat (Weibel and Pendleton, 
1964) and in oats (Pendleton, 1954). Lodging often occurs 
in areas with frequent high winds and heavy rainstorms. It 
is also a potential problem in highly productive environments 
that promote luxuriant growth. Reduction in yield and seed 
quality due to lodging has been attributed to adverse 
physiological plant responses and decreased mechanical 
harvest efficiency. 
Weber and Fehr (1966) conducted a three year study to 
quantify the yield reduction due to lodging and due to 
combine harvest loss. They found that the combine yield loss 
attributed to lodging averaged 1.3%. This percent harvest 
loss would of course vary with the type of combine, 
carefulness of operator in harvesting, severity of lodging, 
and the height of cutting. In another study, the same 
authors evaluated the physiological aspects of lodging by 
comparing the response of 7 varieties to natural lodging 
(nonstaked) and prevention of lodging (staked). They 
obtained a 13% yield increase by prevention of lodging. The 
physiological reason for the 13% yield increase in staked 
plants was thought to be better light distribution within 
canopy which enhanced photosynthate production and reduced 
pod and seed abortion. Cooper (1971) reported a yield 
reduction of 21 to 23% at two locations when natural lodging 
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occurred in the early pod filling stage compared to the plots 
that were prevented from lodging. In contrast, Leffel (1961) 
found no significant increase in yield as a result of 
prevention of natural lodging. However, when lodging was 
induced significant reduction occurred in soybean yield. 
The stage of plant development at which lodging occurs 
has a significant effect on magnitude of yield reduction. 
Noor and Caviness (1980) studied the response of two soybean 
cultivars, one determinate and the other one semideterminate, 
to induced lodging at 3 different stages of growth. They 
obtained a significant yield reduction from lodging at full 
pod (R4) but, none at the vegetative (V8) or full bloom (R2) 
stage of growth. Woods and Swearingin (1977) reported the 
greatest yield reduction from lodging at the R5 stage of 
plant development. The reduction in yield in both studies 
was primarily due to reduction in number of seeds produced on 
lodged plants. Weibel and Pendleton (1964) examined the 
effect of artificial lodging on winter wheat yield and 
quality at various stages of growth. They reported a 
decrease in yield, test weight, and kernel weight as a result 
of lodging. Yield reduction was greatest at the heading 
stage (31%) compared to 25, 20, 12% at the milk, soft dough, 
and hard-soft dough stages of growth. Pendleton (1954) 
reported that decreases in yield due to lodging depend on the 
time of occurrence and degree of severity. He obtained a 37% 
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yield reduction on plots lodged 90 degrees at 4 days after 
heading compared to 17% on plots lodged 90 degrees at 20 days 
after heading. 
Seed Filling Period 
Duration of the seed filling period has been studied 
extensively in soybean and has been positively associated 
with yield (Hanway and Weber, 1971c; Dunphy et al., 1979; 
Nelson, 1986; Smith and Nelson, 1986). Hanway and Weber 
(1971c) studied the dry matter accumulation in eight soybean 
cultivars. Yield differences among the cultivars and between 
years were attributed to duration of seed filling period 
rather than differences in the rate of seed filling. Rate 
was similar for all cultivars. Significant differences in 
rate of seed filling have been obtained in soybean (Egli et 
al., 1978a) but, for the most part, rate of seed filling does 
not seem to play a significant role in final yield. Dunphy 
et al. (1979), in an attempt to determine which specific 
developmental stage in soybean is associated with yield, 
found duration of seed filling period to be correlated 
significantly with yield. Smith and Nelson (1986) also found 
a positive relationship between seed filling period and 
yield. They suggested that an increase in yield might be 
possible by selecting for long duration of seed filling. 
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Attempts have been made by some researchers to use 
physiological reasons to explain the greater yielding ability 
of some newer, improved cultivars compared to the older, 
unimproved ones (Gay et al., 1980; McBlain and Hume, 1980; 
Duncan et al., 1978). Gay et al. (1980) reported that the 
yield advantage of 'Williams' (new, high yielding) cultivar 
over 'Lincoln' (old, low yielding) was partially due to a 
longer seed filling period. In a similar study, McBlain and 
Hume (1980) also attributed the greater yield of a new 
cultivar 'maple arrow' over an old cultivar 'Altona' to a 
longer seed filling period. Duncan et al. (1978) reported a 
31% yield difference between improved and unimproved peanut 
cultivars. Thirteen out of the 31% yield difference was 
attributed to the longer seed filling period. 
In order to have selection advance for a given trait, 
genetic variability should be present for the desired trait 
in the population of genotypes under evaluation. Several 
researchers studied the variation in seed filling period in 
soybean (Reicosky et al., 1982; Egli et al., 1984). Reicosky 
et al. (1982) evaluated soybean germplasm for duration of the 
seed filling period. Plant introductions under evaluation 
ranged from maturity group III to V. They reported a range 
in duration of seed filling period of 18 to 54 days, with a 
mean of 40 days. There were significant correlations across 
the years for reproductive period and seed filling period, 
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which implied the traits were under genetic control and were 
heritable. They indicated that seed filling period can be 
estimated using either of these characters. Egli et al. 
(1984) found a range of 24 to 42 days in 1981 and 23 to 56 
days in 1982 for the seed filling period of different 
genotypes. 
Two methods have been used to estimate the seed filling 
period in soybean. The first is the measurement of effective 
filling period (EFP) which was originally proposed by Daynard 
et al. (1971) in corn. It is calculated by dividing the 
final seed yield by the rate of seed dry matter accumulation 
during the linear phase of seed growth. The second is the 
growth staging system of Fehr and Caviness, which defines the 
beginning of filling period at R4 or R5 and the end at R7 or 
R8. The first method requires the measurement of both seed 
yield and accumulation rate, thus it is laborious and more 
difficult to measure than yield by itself. The growth stages 
of Fehr and Caviness are easy to estimate and can be used in 
large populations to screen for long duration of the seed 
filling. Regardless of the method of estimation, the 
positive correlation between seed filling period and seed 
yield for the most part remains unchanged. 
Some concern has been raised by breeders as to the 
possibility of delaying maturity by selecting for a long seed 
filling period due to the association that has been found in 
12 
some studies between long seed filling period and late 
maturity (Reicosky et al., 1982; Metz et al., 1985). 
Reicosky et al. (1982) suggested that strains with long seed 
filling period can be obtained by selecting genotypes from a 
segregating population, that start seed fill early and 
maintain the same maturity date. Metz et al. (1985) was able 
to select for a long seed filling period without adversely 
delaying maturity date due to weak correlation between seed 
filling period and maturity in populations developed from the 
hybridization of photoperiod sensitive x insensitive lines. 
Plant Nitrogen 
Significance of nitrogen mobilization in soybean 
Soybean seed has a high protein content, and developing 
seeds require a relatively high rate of nitrogen supply. Due 
to the high nitrogen demand by developing seed and due to 
the fact that nitrogen fixation and nitrogen uptake by the 
root begin to decline during the seed filling period, a 
substantial amount of nitrogen must be mobilized from 
vegetative tissues to meet the deficit. The amount of 
nitrogen mobilization from vegetative plant parts to 
developing seed has been reported by several researchers 
(Hanway and Weber, 1971c; Egli et al., 1978; Zeiher et al., 
1982; Loberg et al., 1984). Hanway and Weber (1971c) 
reported that up to 50% of the seed nitrogen came from 
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mobilization from vegetative parts and the other 50% was 
supplied by root uptake and nitrogen fixation during the seed 
filling period. Egli et al. (1978b) investigated the effects 
of N stress on nitrogen redistribution and leaf senescence in 
soybean. Under nitrogen stress about 60% of the nitrogen in 
the seed came from vegetative plant parts compared to only 
20% in a control (not under nitrogen stress). The authors 
suggested nitrogen redistribution had a role in leaf 
senescence. A similar conclusion was reached by Sinclair and 
de Wit (1976). However, they suggested that other factors 
were also involved. Mobilization, in the Loberg et al. 
study, from leaves and carpels supplied up to 47, 23, and 29% 
of seed N, P, and K. Zeiher et al. (1982) estimated that the 
amount of plant nitrogen redistributed to the seed N ranged 
from 30 to 100% among cultivars. In most of these studies, 
leaves appeared to be the major source of redistributed N, P, 
and K, followed by stems and/or pods and the least 
contributor was petioles. 
Nitrogen mobilization in relation to seed yield 
The role of nitrogen mobilization in the seed yield 
production process is not clearly established. Sinclair and 
de Wit (1975, 1976) characterized the soybean plant as being 
self-destructive due to the high rate of the nitrogen 
mobilization to developing seed, which leads to a loss in the 
14 
physiological activity of the leaves and causes senescence. 
They concluded that the self-destructive characteristic may 
restrict the length of the seed filling period and thus limit 
the yield potential. Zeiher et al. (1982) evaluated 
differences among cultivars with respect to N redistribution 
in soybean. Significant cultivar differences were found for 
nitrogen redistribution but, nitrogen redistribution was not 
related to either yield or seed filling period. Israel 
(1981) examined the relation of N redistribution to yield in 
two cultivars. Both cultivars produced a similar yield even 
though significant variation existed between the two 
cultivars with respect to N redistribution. 
Egli et al. (1983), in an attempt to relate N 
mobilization to yield, exposed the soybean cultivar 
'Williams' to moisture stress at various stages of plant 
growth. Estimates of N mobilization from vegetative plant 
parts to seed N at maturity ranged from 33 to 102% across 
treatments and years. The values greater than 100% were 
probably a result of the pod abortion that took place after 
the R5 stage. The N content in the aborted pod was part of 
the calculation, used in estimating the N redistribution. 
Differences in N mobilization in their study was found to be 
unrelated to yield. They concluded, as did Zeiher et al. 
(1982), that the proportion of seed N at maturity that came 
from N redistribution was more closely related to the amount 
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of N available for redistribution than it was to the ability 
of the plant to obtain N from the soil or from nitrogen 
fixation during the seed filling period. 
A study by Loberg et al. (1984), using diverse, field 
grown lines, reported a lack of significant differences among 
lines with respect to the amount of mobilized nitrogen. 
However, they found significant differences among lines in 
mobilized P and K in 1978, one year of a 2 year study. They 
concluded, as did Zeiher et al. (1982) and Egli et al. 
(1983), that N mobilization did not play a significant role 
in determining seed yield. Two important findings in the 
Loberg study are worth noting. The first finding was that 
the leaf dry weight was considered to be the most important 
component of mobilized leaf N. The second was that the 
genotypic ranking with respect to leaf N mobilization was not 
consistent, implying that the trait was not heritable. They 
suggested that the best method of improving the available 
leaf N is to select for high leaf dry weight. 
The availability of total plant N at the end of blooming 
or seed filling, in relation to yield, was reported by 
Lathwell and Evans, 1951; Pal and Saxena, 1976; and Smith et 
al., 1988. Lathwell and Evans (1951) reported that the yield 
of soybeans was very closely associated with the amount of N 
accumulated by the plant throughout the life cycle (r > 
0.90). A similar correlation was obtained between leaf N per 
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plant during the early seed filling period and yield in two 
field grown soybean cultivars (Pal and Saxena, 1976). Smith 
et al. (1986), in an evaluation of soybean genotypes with 
respect to yield and seed filling period, observed an 
association between a high amount of dry matter and N 
accumulation at R5 and seed yield. 
Jeppson et al. (1978) examined variations in plant 
nitrogen mobilization and its relation to grain yield in 32 
lines of nonnodulated field-grown soybeans. Harvest N index 
(the ratio of grain N to whole plant N at maturity) was used 
to measure the plant's ability for N mobilization. They 
found significant differences in harvest N index among 
soybean genotypes. They also found a high correlation 
between harvest N index and yield, implying that some 
genotypes were more efficient in mobilizing N from 
vegetative tissues to developing seed than others. Variation 
in harvest N index among genotypes was also highly correlated 
(r=0.90) between years suggesting that it is under genetic 
control and is heritable. Kollman et al. (1974), in a 
different study, demonstrated that if sink size (number of 
pods/node) in soybean were increased, a significant increase 
in N mobilization would take place, thereby suggesting a 
relationship between N mobilization and seed yield. 
A relationship between N mobilization and leaf 
senescence was also reported by some workers (Sinclair and de 
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Wit, 1976; Egli et al., 1978b; Nooden et al., 1979; Sesay and 
Shibles, 1979). Sinclair and de Wit (1976) reported that a 
substantial N mobilization in soybean resulted in loss of 
physiological activity in leaves, thus promoting senescence. 
Egli et al. (1978b) also reported a role of N mobilization in 
senescence. Increasing the N supply to the plant did not 
delay senescence in their study. They concluded that other 
factors beside N mobilization were involved in senescence. 
Sesay and Shibles (1979) attempted to delay senescence by 
foliar application of nutrients, but they did not succeed. A 
study by Nooden et al. (1979), however prevented plants from 
becoming senescenced by applying a foliar spray containing 
plant hormones (auxin and cytokinin). The N concentration 
and starch increased in leaves on treated plants but no 
significant increase in yield was obtained. 
Summary 
The review of literature makes clear the importance of N 
redistribution as a significant source of seed N during the 
seed filling period. Whether the process of nitrogen 
redistribution has a negative or limiting effect on yield is 
not clear from available data. What is clear is that N 
mobilization has been shown to be associated with senescence 
but, whether leaf senescence is triggered by a substantial 
amount of nitrogen redistribution to developing seed as 
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suggested by Sinclair and de Wit (1976), or whether 
senescence is initiated by other processes is not clearly 
understood. It seems that if senescence is caused by N 
redistribution, it should be important in determining the 
yield. Selection for N mobilization has not been reported in 
literature. Because variation in N mobilization among 
genotypes have been observed, it might be possible to enhance 
yield improvement by selecting for high N content at the R5 
developmental stage. 
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METHODS AND MATERIALS 
Genetic Material 
The genetic material used in this study came from two 
single-cross populations, 1X139 and 1X149. 1X139 was derived 
from a cross between 'Amsoy' and 'Rampage*. Amsoy is a high 
yielding, maturity group II, indeterminate cultivar with an 
open canopy. Rampage is a high yielding, early maturity 
group II, indeterminate cultivar with a closed canopy. The 
purpose of the cross was to develop a population to be used 
to examine the variation in a segregating population for 
various underlying mechanisms determining seed yield. 1X149 
was derived from a cross of 'Hobbit' by A75D29. Hobbit is a 
high yielding, determinate cultivar with large leaflet size. 
A75D29 is a semi-determinate experimental line with small 
leaflet size. The purpose of this cross was to examine the 
segregating population for traits affecting seed yield in 
three stem termination types. 
Following hybridization, that was made in 1978, each 
population was advanced to the Fg generation using the single 
seed descent method of generation advancement. In the Fg 
generation, single plants were harvested and threshed 
separately. The Fg derived, F^ seed of each plant were 
planted to produce the base population in 1987. 1X139 
consisted of 270 indeterminate lines. 1X149 consisted of 375 
lines with 3 different stem termination types. 
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Field Preparation 
The weather during the years 1987, 1988, and 1989, in 
which the experiment was conducted was relatively dry and 
warm. Table 1 shows the amount of precipitation during the 
growing season months of 1987, 1988, and 1989 as well as a 
normal year, which is based on the average precipitation over 
30 years, 1951-1980. 
Table 1. The amount of precipitation in cm for the 1987, 
1988, and 1989 growing seasons 
The amount of precipitation in cm 
Month 1987 1988 1989 Normal (1951-1980) 
April 5. 51 4. 37 6. ,56 8. ,64 
May 9. 19 4. 44 10. ,57 11. ,10 
June 7. 70 5. 31 8. ,86 12. ,98 
July 12. 14 8. 61 6. ,17 8. 76 
August 32. 00 15, .42 4. ,39 9. 88 
September 5. 26 8. 36 8, ,13 8. 15 
Total 71. 80 46. 51 44. 68 59. 51 
In 1987, the weather during the early part of the 
growing season (during vegetative stage) was relatively warm 
and dry and an ample amount of precipitation during the 
reproductive stage helped to compensate for the stress 
encountered earlier. 1988 was considered to be a drought 
year. Average yields were low in Iowa and several other 
soybean producing states. In 1989, the weather was 
relatively dry. The rainfall was timely, and the 
temperatures during the reproductive development were 
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relatively cool which helped minimize the stress. Average 
yield, statewide, was below normal. 
The 1987 experiment was conducted at the Bruner Farm. 
The Bruner Farm is located 11 km southwest of Ames, Iowa. It 
has a soil association of Clarion (fine-loamy, mixed, mesic 
Typic Hapludoll) - Nicollet (fine-loamy, mixed, mesic Aquic 
Hapludoll) - Webster (fine-loamy, mixed, mesic Typic 
Haplaquoll)type. The crop rotation at the Bruner Farm is 
corn-oats-soybean. Oats stubble was chisel-plowed late in 
the summer. Elemental N-PgO^-KgO was applied at the rate of 
0-50-100 during the fall prior to the experiment in the 
following year. Soil test results at the Bruner Farm 
indicated very high P and high K. Dual (Metolachlor) 
herbicide was incorporated into the soil one week prior to 
planting at the rate of 3 lbs. active ingredient per acre to 
control the grassy weeds. Surviving weeds were removed by 
hand throughout the growing season. 
Plots were planted on May 6, 1987 with emergence 
occurring on May 13, 1987. The emergence was variable due to 
the low seed quality. The lines with poor emergence were 
deleted. Each plot consisted of one single row, 1.5 m long, 
with a 1.05 m spacing between plots. All lines within each 
cross were evaluated for morphological and developmental 
characters. 
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In 1988, the experiment was conducted at two locations, 
the Bruner Farm and the Ross Farm, with two replications per 
location. At the Bruner Farm, the plots were planted on May 
10 and 11. Emergence occurred on May 17 and 18. Herbicide 
and fertilizer application were the same as described for 
1987. Machine cultivation followed by hand removal were the 
means of eliminating the weed problem during the growing 
season. 
The soil association at the Ross Farm is also Clarion-
Nicollet -Webster. The crop rotation is corn-soybean. The 
corn stubble was chisel-plowed into the soil in the fall 
prior to the experiment. Lasso (alachlor) plus Command 
(clomazone) herbicides were pre-plant incorporated on May 12, 
1988 to control the weeds. The active ingredient rates were 
2.0 lbs. per acre of Lasso and 0.6 lb per acre of Command. 
Subsequent weed control during the growing season was 
accomplished by machine cultivation and hand removal. 
Planting was done May 12 and 16, 1988 on the Ross Farm. 
Emergence occurred on May 20 and 23, respectively. 
At both locations, all lines were evaluated in 5 row 
plots with 35 cm row spacing and with 70 cm between plots. 
The length of each plot row in the base population was 4.7 m, 
and in the selected population described later was 3.8 m. 
Yield data were obtained by harvesting the middle 3 rows. 
The length of each plot was trimmed to 4.3 m prior to 
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harvesting. In 1988, due to a severe spider mite 
(Tetranvchus urticae) infestation, particularly at the Ross 
Farm, all plots were treated with Cygon (dimethoate) at the 
rate of 0.5 lb. active ingredient per acre. The chemical was 
applied aerially on August 6, 1988, at the R5.5 developmental 
stage of most lines. Despite the attempt to control the 
spider mites, one complete replication of the 1X139 selected 
population at the Ross Farm, which included all maturity 
groups, was lost. Subsequently, plant nitrogen were not 
determined on those plots. 
In 1989, the experimental sites were the Bruner Farm and 
the Lippert Farm. All management practices at the Bruner 
Farm were the same as described for 1988. Planting at the 
Bruner Farm was accomplished on May 9, 1989, with emergence 
occurring on May 17. The Lippert Farm is located 4.8 km 
north of the Bruner Farm. It also has a Clarion-Nicollet-
Webster soil association. Sonalan (ethalfluralin) herbicide 
was pre-plant incorporated on May 15 at the rate of 1.25 lbs. 
active ingredient per acre. Subsequent weed elimination 
during the growing season was by mechanical cultivation and 
hand weeding. Planting at the Lippert Farm was accomplished 
on May 15 and 16. Emergence occurred on May .23. The plot 
size, row spacing, and spacing between plots were the same as 
described for the base and selected populations in 1988. 
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Evaluation of Traits 
Evaluation of lines within each single-cross population 
began in 1987. Evaluation was done in replicated single-row 
plots. Each line was evaluated for several morphological and 
developmental traits, including date of maturity. At the end 
of harvest, extremely early and late maturing lines were 
deleted. All remaining lines in 1X139 then, were grouped on 
the basis of maturity into early, medium, and late 
categories. Remaining lines in 1X149 were grouped, based on 
stem termination types. Lines in the 1988 and 1989 base 
populations were evaluated for all traits at the Bruner Farm, 
but only for yield at the Ross and Lippert Farms. The 3 
center rows of each 5 row plot were used for yield 
evaluation. Lines in the 1X139 and 1X149 selected 
populations were evaluated only for plant N content at the R5 
developmental stage in both locations. Table 2 lists the 
numbers of lines within each group within each cross in the 
1988 and 1989 base and selected populations. 
The staging system of Fehr and Caviness (1977) was used 
to estimate the stage of development for measuring the 
various traits. Table 3 lists the traits studied with their 
abbreviations and the methods of evaluation. 
Two traits, leaflet size and lodging at the R7 
developmental stage, were visually estimated. In order for 
the observer to become familiar with the relative sizes of 
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Table 2. Number of lines within each group within each cross 
in the 1988 and 1989 base and selected populations 
Number of lines 
Group Cross Base 
population 
Selected 
population 
Early maturity 
Medium maturity 
Late maturity 
1X139 
79 
93 
41 
19 
22 
10 
1X149 
Determinate 
Semi-determinate 
Indeterminate 
28 
40 
34 
6 
14 
10 
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Table 3. Traits, their abbreviations, and methods of 
measurement in 1987, 1988, and 1989 
Trait Abbreviation Method of measurement 
Beginning seed 
filling 
R5 Number of days after 
emergence when 50% of 
the plants within the row 
have one pod, with a seed 
3 mm in length at the 
fourth node from the top 
with a fully expanded 
leaf 
Leaflet size LSR5 Visual rating of leaflet 
size at one of the top 
four nodes with a fully 
expanded leaf at the R5 
developmental stage, 
1 = small, 5 = large 
Plant height at 
physiological 
maturity 
PHR7 Distance, in cm from soil 
surface to the tip of the 
main stem. Measured at the 
R7 developmental stage 
Late lodging LR7 Lodging at R7 developmen­
tal stage, 1 = erect, 
5 = prostrate 
Seed filling 
period 
SFP Number of days between R5 
and R7 
Seed size SS The weight per 100 seeds, 
in g/100 seed 
Yield YLD Combine harvested seed 
yield, expressed in kg/ha 
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different leaflets, several leaflets of various sizes were 
picked and measured, using a Licor LI 3000 planimeter. The 
visual ratings were compared to the planimeter measurements 
for relative leaflet size. 
To measure plant nitrogen content of each line at the R5 
developmental stage, a uniform area (Im * 1.05m) was 
selected from the three middle rows of each plot. All plants 
within the harvested area were cut off at the soil surface 2 
to 7 days after the beginning of the seed filling period 
(R5). Fresh weight of the harvested plants was recorded. A 
subsample of the freshly harvested plants, 5 plants, were 
weighed and dried at 60 °C for two days. Dry weight of each 
subsample was also recorded. The 5 dried plants of each line 
were ground in a small Wiley Mill with a 40-mesh stainless 
steel screen. Each ground sample was thoroughly mixed and a 
subsample was stored in a small glass jar for total nitrogen 
determination using the Kjeldahl technique. 
Statistical Analyses 
The study in which plant nitrogen and seed yield were 
measured was conducted over two years, with two locations per 
year, and two replications per location. The experimental 
design was a randomized complete block with a split-plot type 
of arrangement. Maturity groups in 1X139 and stem 
termination types in 1X149 were randomly assigned within each 
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replication. Lines were randomized within each group. Five 
checks from various maturity groups, including the parental 
cultivars, were included in each group for comparison 
purposes. All the traits previously described were analyzed 
within each group. Check varieties were not included in 
analyses. 
The Experimental model for each cross was 
Yijk = M + Ri + MSj + Ljj^ + 
where represents each individual observation. The 
symbols ju, R, MS, L, and e represent the overall population 
mean, the effects of i^^ replication, maturity group or 
stem termination type, depending on the cross, k^^ line 
within the maturity group or stem termination type, and 
experimental error, respectively. The model in which 
locations were combined within each cross is shown below 
^ijkl = M + + Rj + MS% + LMS^j^ + + e^j^ 
where represents each individual observation. The 
symbols /i, L, R, MS, LMS, G, LG, and e represent the overall 
population mean, the effects of i^^ location, 
replication, k^^ maturity group or stem termination type, 
depending on the cross, 1^^ line within the k^^ maturity 
group or stem termination type, interaction between 
maturity or stem termination type and location, interaction 
between 1^^ line within k^^ maturity group or stem 
termination type and location, and experimental error, 
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respectively. 
Expected mean squares for sources of variation are shown 
in Table 4. Genetic variance for various traits was 
calculated as follows: 
expected mean squares of phenotype and environment, 
respectively. 1 and r represent the number of locations and 
replications, respectively. 
The tandem selection scheme used in this study consisted 
of two steps. In the first step, independent culling for 
probable yield related morphological and developmental traits 
was used. In the second step, lines selected in the first 
step were subjected to selection for high plant nitrogen 
content. I will discuss each step separately. 
The independent culling method of selection was used to 
carry out the first step in the tandem selection scheme. 
Independent culling is a method of selecting individual lines 
for several traits in a single generation. This method 
requires a given level of performance for each trait. Then, 
all lines below the given level of performance are discarded, 
Ir 
where represents genotypic variance. Mg and Mg are the 
Selection 
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Table 4. Expected mean squares and degrees of freedom for 
sources of variations of a randomized complete 
block with a split plot arrangement within one year 
Source df EMS 
Locations 1-1 «5 + 9*^R(L) 
Rep (Loc) (r-l)l 
"4 + 9*^R(L) 
Genotype (g-1) M3 + rc^LG + 
Loc X genotype (1-1)(g-1) 
"2 + re^LG 
Error (g-1)(r-l)l Ml 
Total n-1 
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regardless of their superiority or inferiority for the other 
traits. Following that, remaining lines are evaluated for 
the next trait and so on. The same principles are applied to 
the second trait. The evaluation begins with the most 
important trait and continues to the least important. 
Different models were used depending on the stem termination 
types. Semideterminates and indeterminates have the same 
model and differ from that of the determinates. 
Determinate lines that will reach maturity before frost 
in Central Iowa are generally very short. They may be 
limited in seed yield because the plants are below the size 
needed for optimum seed yield (Shibles and Green, 1969). 
Because of the lack of optimum plant size and also the 
increased difficulty encountered in harvesting determinates, 
plant height at the R7 stage was considered to be the most 
important trait and therefore selection was applied to retain 
the tallest plants. The trait that seemed to be the second 
most important was duration of the seed filling period. 
Several workers have shown a close positive association 
between duration of the seed filling period and seed yield 
(Hanway and Weber, 1971c; Dunphy et al., 1979; Nelson, 1986). 
Selection was applied for long seed filling period. The 
third trait in the selection model was leaflet size. Shibles 
and Green (1969) attributed the greater yield advantage of 
the narrow rows to greater light interception and greater 
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photosynthetic production during early pod and seed set. In 
narrow rows especially with a high population density, there 
is often shallow penetration of light into the canopy. One 
morphological character that is associated with greater light 
penetration, which in turn allows more leaves to be 
illuminated, is leaflet size. Small leaflet size has been 
shown to be associated with high yield in narrow rows in the 
Moraghan (1970) and Metz et al. (1984) studies. Therefore, 
selection was imposed for small leaflet size. Selection 
intensities for PHR7, SFP, and LSRS were 50, 75, and 85% 
respectively. Overall selection intensity was approximately 
25%. 
In the selection model for the semideterminate and 
indeterminate lines, leaflet size was considered to be the 
most important trait, because of the previously cited 
association with greater seed yield. Selection was imposed 
to retain the lines with small leaflet size. Duration of the 
seed filling period was the next most important trait. 
Selection was applied to retain the lines with long seed 
filling periods. Lodging is a serious problem in soybean 
production. And it has been shown to reduce the seed yield 
(Weber and Fehr, 1966; Cooper, 1971; Noor and Caviness, 
1980). Semideterminate and indeterminate lines are normally 
taller than determinate lines and therefore are more 
susceptible to lodging than determinates particularly in 
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highly productive environments. Selection was for lines with 
a low lodging rating at R7 (LR7). Plant height was the 
fourth important trait for consideration for semideterminate 
and indeterminate lines. Semideterminate and indeterminate 
lines continue their vegetative growth after the initiation 
of the reproductive growth. Such a growth characteristic is 
not ideal because it makes them taller and more susceptible 
to lodging, and creates competition between vegetative sinks 
and reproductive sinks. Such competition might limit the 
seed yield potential. Selection was applied for lines with a 
short stature. Selection intensities for LSR5, SFP, LR7, and 
PHR7 in the indeterminates were 51, 67, 85, and 85%, 
respectively. Selection intensities for semideterminates for 
the same traits were 49, 70, 86, and 90% respectively. 
Overall selection intensity was approximately 25% for both 
indeterminates and semideterminates. 
The second part of the tandem selection scheme was 
selection from among the previously selected lines for high 
plant N content at the R5 developmental stage. It has been 
hypothesized that, if a greater amount of plant nitrogen were 
available for mobilization to developing seed, the potential 
for greater seed yield might be achieved (Sinclair and de 
Wit, 1975, 1976). 
To satisfy the first objective of this study, advance 
from selection for each part of the tandem selection scheme 
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was determined using the yield data obtained in either 1988 
or 1989 or both. Advance from selection was obtained by 
comparing the mean yield of the base population with the mean 
yield of the selected lines. Total response to tandem 
selection was obtained by the summation of selection advances 
in both parts of the tandem selection scheme. Response to 
selection was also obtained for the other traits. In 1X139, 
the comparison of the mean value of each trait for the 
selected lines within each maturity group with the 
corresponding mean value for all lines in the base population 
gives the selection advance for that trait. The same 
principle applies to the calculation of selection advance for 
each trait in 1X149, except in 1X149, the lines were grouped 
on the basis of the stem termination types. 
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RESULTS AND DISCUSSION 
Genetic variance must be present in a population if 
selection advance for a desired trait is to be made. Table 5 
shows the genetic variance for the traits under selection in 
all groups within 1X139 and 1X149 of the base populations in 
1987 and 1988. Significant genetic variance was observed for 
all traits in all maturity groups of 1X139 in 1987. Within 
1X149, significant genetic variance was observed among 
determinate lines for all traits except lodging. Determinate 
lines of adapted maturity for the Ames, Iowa latitude are 
very short, and lodge considerably less than semideterminate 
and indeterminate lines and no severe lodging occurred among 
them. Genetic variance among lines in the semideterminate 
group of 1X149 was significant in all traits. Significant 
genetic variation for all traits, except leaflet size at the 
R5 stage, was also observed in indeterminate group of 1X149. 
Response to Selection (1988) 
Response to selection for each portion of tandem 
selection will be discussed first, followed by a discussion 
of overall response to tandem selection. The results of each 
year will be discussed separately because of different 
rainfall distribution patterns and heterogeneity in error 
variance. The results for 1988 will be discussed first. 
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Table 5. Genetic variance among lines for morphological and 
developmental traits in the groups within the 1X139 
and 1X149 base populations at the Bruner Farm in 
1987 and 1988 
LSR5 SFP LR7 PHR7 
Group Cross (1-5) (days) (1-5) (cm) 
1X139 
-1987-
Early maturity 
Medium maturity 
Late maturity 
0.12 
0.11 
0.09' 
** 
** 
2.16** 0.94** 83.60** 
1.91 1.80 113.67 
6.63 1.49 67.81 
1X149 
Determinate 
Semideterminate 
Indeterminate 
0.70** 11.91** O.OoNS 94.97 
1.97 102.69 
2.14 120.73 
1X139 
-1988-
Early maturity 
Medium maturity 
Late maturity 
0.04 
0.05 
0.04 
** 
** 
** 
1.40 
0.54 
2.39' 
NS 
0.03 
0.03 
0.13' 
** 
90.03 
56.68 
50.17 
** 
** 
** 
1X149 
Determinate 
Semideterminate 
Indeterminate 
0.12 7.15 0.00*8 108.52 
0.13** 7.35** 0.29** 150.92** 
0.09 12.23 0.03 151.39 
NS Not significant at 0.05 level. 
Significant at 0.05 level. 
**Significant at 0.01 level. 
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Selection for Morphological Traits and Seed 
Filling Period in the First Part of 
the Tandem Selection Scheme (1988) 
To determine the response to the first portion of tandem 
selection, the mean of each trait of the selected lines 
within each group was compared with the mean of the trait of 
the original (base) lines within the same group. Tables 6 
and 7 show the means of the original (base) lines and the 
means of the selected lines for each trait in each group 
within the 1X139 and 1X149 base populations in 1988, 
following independent culling in the first portion of tandem 
selection. Because traits used in the independent culling 
models and the order in which the traits were selected in the 
semideterminate and indeterminate groups were different from 
those of determinate group, each model will be discussed 
separately. 
Table 5 shows the genetic variance for various traits in 
different groups within the 1X139 and 1X149 base populations 
in 1988. Significant genetic variation for leaflet size was 
observed among indeterminate lines within each maturity group 
of 1X139 as well as among lines within the semideterminate 
and indeterminate groups of 1X149. Independent culling was 
relatively effective in reducing LS at the R5 stage in all 
maturity groups within 1X139 as well as in the indeterminate 
group of 1X149. There was no response to independent culling 
for this trait in the semideterminate group of 1X149 despite 
Table 6. Trait means and % change due to independent culling in the first part of 
a tandem selection scheme in three maturity groups of 1X139 and the 
semideterminate and indeterminate groups of the 1X149 1988 base 
populations at the Bruner Farm 
Group # of lines LSR5 SFP LR7 PHR7 Yield^ 
(1-5) (days) (1-5) (cm) (kg/ha) 
Early maturity 
Base 
Part 1 
% change 
Medium maturity 
Base 
Part 1 
% change 
Late maturity 
Base 
Part 1 
% change 
79 
19 
93 
22 
41 
10 
2 . 2  
2 . 0  
-9.1 
2 . 2  
2.1 
-4.5 
2 . 2  
2.1 
-4.5 
30.6 
30.2 
-1.3 
30.4 
30.4 
0 . 0  
32.5 
33.3 
+2.5 
—1X139-
1.3 
1.2 
-7.7 
1.4 
1.3 
-7.1 
1.5 
1.3 
-13.3 
87.3 
81.9 
—6.2 
95.0 
91.4 
-3.8 
99.0 
96.1 
-2.9 
2162 
2209 
+ 2 . 2  
2011 
2060 
+2.4 
1811 
1917 
+5.9 
Semideterminate 
Base 
Part 1 
% change 
Indeterminate 
Base 
Part 1 
% change 
40 
14 
34 
10 
2.9 
2.9 
0 . 0  
2.7 
2.5 
-7.4 
37.1 
38.8 
+4.6 
38.7 
39.8 
+2.8 
-1X149-
1.5 
1.4 
-6.7 
1.2 
1.1 
-8.3 
102.8 
107.2 
+4.3 
107.9 
107.1 
-0.7 
2304 
2319 
+0.7 
2462 
2628 
+6.7 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 7. Trait means and % change due to independent culling in the first part of 
a tandem selection scheme in the determinate group of the 1X149 1988 base 
populations at the Bruner Farm 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (kg/ha) 
1X149 
Determinate 
Base 28 70.5 41.8 3.4 2236 
Part 1 6 70.5 41.2 3.3 2110 
% change 0.0 -1.4 -2.9 -5.6 
^Yield data are based on 2 locations with 2 replications in each location. 
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the presence of significant genetic variation among lines in 
that group. An average of 5.1% reduction in mean leaflet 
size over the 5 groups was obtained. 
Differences among lines for duration of the seed filling 
period were found in the early and late maturing groups of 
1X139 as well as semideterminate and indeterminate groups of 
1X149. The response to independent culling for this trait 
was inconsistent among different groups. The late maturing 
group of 1X139 and the two stem termination groups of 1X149 
responded positively to selection with an increase of 1.2 
days or 3.3% in duration of the seed filling period. An 
association between longer seed filling period and later 
maturity was observed in the Dunphy et al. 1979 and Reicosky 
et al. (1982) studies. The response to independent culling 
for this trait in the early maturing group of 1X139 was 
negative. Duration of the seed filling period in that group 
decreased by 0.4 day or 1.3%. There was no response to 
independent culling in the medium maturing group of 1X139, 
probably because of the lack of significant genetic variance 
among lines for this trait (Table 5). 
The genetic variance among lines in lodging was 
significant within all maturity groups of 1X139 as well as in 
the semideterminate and indeterminate groups of 1X149. 
Independent culling decreased lodging by an average of 8.6% 
over the 5 groups. 
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There was significant genetic variance for plant height 
within all maturity groups of 1X139 as well as in the 
semideterminate and indeterminate groups of 1X149. 
Independent culling was effective in reducing plant height in 
all maturity groups of 1X139 but, the reduction was too small 
to be of importance, ranging from 2.2 to 6.2 cm. There was a 
mean height reduction of 4.3% over the 3 maturity groups. 
The semideterminate group of 1X149 responded negatively to 
culling, with plant height increasing by an average of 4.3%. 
The plant height of the indeterminate group of 1X149 remained 
nearly unchanged from independent culling. The lack of a 
positive response in the semideterminate and indeterminate 
groups is thought to be due to the fact that this trait was 
the last one to be selected for, thus making it difficult to 
change the status of the trait in the desired manner. 
Probabilities of a greater F value for differences among 
lines for seed yield in the groups of lines are shown in 
Table 8. Lines differed significantly in seed yield in all 
groups of both crosses. Independent culling for 
morphological traits and duration of the seed filling period 
in the first portion of the tandem selection scheme increased 
the yield in all maturity groups of 1X139 as well as in the 
semideterminate and indeterminate groups of 1X149 (Table 6). 
However, the yield increases were small, ranging from 0.7 to 
6.7% with a mean increase of 3.6% over the 5 groups. 
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Table 8. Probabilities of a greater F value for differences 
in seed yield among lines in the groups within 
1X139 and 1X149 (1988 base populations across two 
locations) 
Group Cross Number of lines Pr > F 
79 0.0001 
93 0.0003.. 
41 0.0001 
28 0.0022** 
40 0.0001 
34 0.0001 
1X139 
Early maturity 
Medium maturity 
Late maturity 
1X149 
Determinate 
Semideterminate 
Indeterminate 
Significant at O.Ol level. 
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Trait means and % change due to independent culling in 
the determinate group of 1X149 are shown in Table 7. 
Significant genetic variance was observed for all traits 
(Table 5). However, there was no response to independent 
culling for plant height at R7 stage. Response to culling 
for duration of seed filling period was negative with a mean 
reduction of 0.6 days or 1.4%. Independent culling decreased 
the leaflet size by an average of 2.9% among determinate 
lines of 1X149. 
Independent culling for the traits in the model reduced 
the yield of the determinates by 5.6% (Table 7). The 
decrease in yield from independent culling might be as a 
result of dry and warm weather in 1988, the year of testing, 
which might have caused a lack of response to independent 
culling for morphological and developmental traits. In 
addition, a very limited number of lines (28 in the first 
part of tandem selection and 6 lines in the second part) were 
used to determine the yield response. 
Selection for Plant Nitrogen in the Second Part 
of the Tandem Selection Scheme (1988) 
To determine the response to selection for plant N 
content at the R5 stage, in the second portion of the tandem 
selection, the yield data of the 1988 base and selected 
populations were used. The response was determined for each 
location as well as combined over locations. Because of the 
44 
loss of one replication of all maturity groups of the 1X139 
selected population at the Ross Farm, plant N determination 
was not made. Therefore, the combined plant N data for 
maturity groups within 1X139 of the selected population were 
from 3 replications (2 replications at the Bruner Farm and 
one remaining replication at the Ross Farm). Yield data for 
the selected lines were obtained from the 1988 base 
population so the yield of selected lines could be compared 
with the base population. 
At the Bruner Farm, there was significant genetic 
variance for plant N content in the early and late maturing 
groups of 1X139 and the indeterminate group of 1X149 (Table 
9). At the Ross Farm, there was no significant genetic 
variance for plant N within the stem termination types. The 
only group that had significant genetic variance in plant N 
content, when the data for the two locations were combined, 
was the early maturing group of 1X139. Lack of significant 
variation among the lines for the plant N trait might be 
attributed to the drought that was encountered during the 
1988 growing season. The drought created greater within 
experimental area variation than normally occurs. 
To determine the selection differential for plant N 
content at the R5 stage, the mean of the lines that had been 
previously selected for morphological and developmental 
traits was compared to the mean of lines selected for high 
45 
Table 9. Genetic variance among lines for plant N (kg/ha) 
in the groups within 1X139 and 1X149 selected 
populations at two locations and combined over 
locations (1988) 
# of lines Bruner Ross Combined^ 
Group Farm Farm 
Early maturity 19 
Medium maturity 22 
Late maturity 10 
Determinate 6 
Semideterminate 14 
Indeterminate 10 
1X139 
361.47** —^ 218.12** 
109.34 — 0.00 
658.10 — 50.54 
1X149 
19.11 54.32 0.00 
121.65 250.36 64.46 
173.21 17.67 40.77 
Combined data for maturity groups of 1X139 include 3 
replications (2 replications at the Bruner Farm and 1 
replication at the Ross Farm). 
^One complete replication was lost at the Ross Farm 
location because of the spider mite infestation. 
*Significant at 0.05 level. 
Significant at O.Ol level. 
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plant N content (top 25%). Table 10 shows the selection 
differential for mean plant N content for the groups in the 
1X139 and 1X149 selected populations for each of the two 
locations and combined over locations in 1988. 
A wide variation in the range of selection differentials 
in mean plant N content was observed among the groups within 
1X139 and 1X149. The selection differentials for the Bruner 
Farm were greater than for the Ross Farm. A range from 22.3% 
for the early maturing group of 1X139 to 5.3% for the 
determinate group of 1X149 was obtained at that location. 
The mean selection differential for plant N averaged over 6 
groups at the Bruner Farm was 12.6% compared to 10.5% for 
data combined over the 2 locations. Selection differentials 
at the Bruner Farm, Ross Farm, and for combined locations, 
averaged over 3 stem termination types of 1X149 were 11.4, 
9.4, and 8.3%, respectively (Table 10). 
The seed yield response to selection for plant N was 
determined by comparing the mean yield of all lines that had 
been selected in the first part of the tandem selection 
scheme to the mean yield of lines selected for high plant N 
content in the second part of the scheme. Yield data for 
each line were obtained from the 1988 base population. The 
probabilities of a greater F value for differences in yield 
among lines, previously selected for morphological and 
developmental traits, for the groups within 1X139 and 1X149 
Table 10. Means and selection differentials for plant N (kg/ha) for the groups 
within 1X139 and 1X149 (1988 selected populations at two locations 
and combined over locations) 
Number of lines Cross Part 1 Part 2 Selection 
Groups Part 1** Part 2 mean mean differentials (%) 
Bruner Farm 
Early maturity 19 5 139 139 170 22.3 
Medium maturity 22 5 170 194 14.1 
Late maturity 10 3 188 209 11.2 
Determinate 6 2 149 151 159 5.3 
Semideterminate 14 4 172 192 11.6 
Indeterminate 10 3 150 167 11.3 
Early maturity 19 5 139 — — — 1 
Medium maturity 22 5 —  — —  
Late maturity 10 3 —  —  —  —  —  —  
Determinate 6 2 149 140 155 10.7 
Semideterminate 14 4 165 188 13.9 
Indeterminate 10 3 177 194 9.6 
^Refers to the lines that were selected in the first part of the tandem 
selection. 
^Refers to the lines that were selected for high plant nitrogen content in the 
second part of the tandem selection scheme. 
^Data were not taken for plant N due to spider mite infestation which led to a 
complete loss of one replication and data are not reported. 
Table 10. (Continued) 
Number of lines Cross Part 1 Part 2 Selection 
Groups Part 1 Part 2 mean mean differentials (%) 
Combined^ 
Early maturity 19 5 139 138 165 19.6 
Medium maturity 22 5 162 180 11.1 
Late maturity 10 3 175 188 7.4 
Determinate 6 2 149 145 154 6.2 
Semideterminate 14 4 168 184 9.5 
Indeterminate 10 3 163 178 9.2 
Combined data for maturity groups consisted of 3 replications (2 replications 
at the Bruner Farm and 1 replication at the Ross Farm) and for stem termination 
types consisted of 2 replications within each of the 2 locations. 
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is presented in Table 11. Table 12 shows the mean yield of 
the lines selected for morphological traits and duration of 
the seed filling period and the mean yield of lines selected 
for high plant N in the groups within 1X139 and 1X149 for 
combined as well as separate locations, using the 1988 base 
population yield data. The percent yield change from 
selection for plant N is also contained in Table 12. 
At the Bruner Farm, the late maturing group of 1X139 and 
the semideterminate group of 1X149 responded positively to 
selection for plant N and an average of 3.5% yield increase 
was obtained over these two groups. Selection for plant N in 
medium maturity group of 1X139 and indeterminate group of 
1X149 had little effect on yield. A 4.9% and 1.4% yield 
reduction were obtained in the early maturing group of 1X139 
and in the determinate group of 1X149 as a result of 
selection for plant N. 
At the Ross Farm, selection for plant N was done only on 
the 3 stem termination types of 1X149. The Ross Farm had a 
low seed yield, caused by an extended drought. Response to 
selection was negative in the determinate group of 1X149 and 
reduced the yield by 0.9%. Semideterminate and indeterminate 
groups of 1X149 responded positively to selection for plant N 
and the yield increased by 1.4 and 9.3%, respectively. 
Selection based on the combined plant N data was less 
successful than either location alone. Four of 6 groups 
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Table 11. Probabilities of a greater F value for differences 
in seed yield among lines, previously selected for 
morphological and developmental traits, in the 
groups within 1X139 and 1X149 (1988 base 
populations across two locations) 
Group Cross Number of lines Pr > F 
1X139 
Early maturity 19 0.0122* 
Medium maturity 22 
Late maturity 10 
1X149 
0.0672*3 Determinate 6 
Semideterminate 14 0.0236 
Indeterminate 10 0.0143 
^®Not significant at 0.05 level. 
*Significant at 0.05 level. 
**Significant at 0.01 level. 
Table 12. Mean seed yield (kg/ha) and % increase from selection for plant N in the 
maturity groups of 1X139 and the stem termination groups of 1X149 (1988 
selected populations for each location and combined) 
Group 
Location 
# of lines Cross Bruner Farm Ross Farm Combined* 
Early maturity 
Part 1* 
Selected 
% increase 
19 
5 
1X139 
2275 
2162 
-4.9 
2209 
2078 
-5.9 
Medium maturity 
Part 1 
Selected 
% increase 
22 
5 
2069 
2075 
+0.3 
2060 
2020 
-1.9 
Late maturity 
Part 1 
Selected 
% increase 
10 
3 
1X149 
1954 
2048 
+4.8 
1917 
1913 
- 0 . 2  
^Combined yield data are based on two locations with 2 replications in each 
location. 
Refers to the lines that have been previously selected for morphological 
traits and duration of SFP. 
^Due to loss of one replication at the Ross Farm, yield data was not analyzed 
for maturity groups of 1X139. 
Table 12. (Continued) 
Location 
Group # of lines Cross Brunner Farm Ross Farm Combined 
Determinate 
Part 1 
Selected 
% increase 
6 
2 
1X149 
2511 
2476 
-1.4 
1708 
1692 
-0.9 
2110 
2087 
-1.1 
Semideterminate 
Part 1 
Selected 
% increase 
14 
4 
2674 
2729 
+2.1 
1964 
1992 
+1.4 
2319 
2503 
+7.9 
Indeterminate 
Part 1 
Selected 
% increase 
10 
3 
2900 
2909 
+0.3 
2356 
2574 
+9.3 
2628 
2694 
+2.5 
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responded negatively to selection for plant N. The reduction 
in yield of these four groups, the 3 maturity groups of 1X139 
and the determinate group of 1X149, ranged from 0.2 to 5.9% 
with a mean reduction of 2.3%. The semideterminate and 
indeterminate groups of 1X149 responded positively to 
selection for plant N and a yield increase of 7.9% and 2.5% 
was obtained for each group, respectively. These two groups 
were the only groups that responded positively to selection 
for plant N in each location as well as in combined locations 
(Table 11). No increase or decrease in yield due to 
selection for plant N trait in different groups was 
substantial. 
It seems that selection for plant N content at the R5 
stage had no effect or little effect on seed yield. This 
finding can be supported by weak and nonsignificant 
correlations that were found between plant N content and seed 
yield in all groups of both crosses except in the 
semideterminate group (Table 13). There was a positive and 
significant correlation between plant N content and seed 
yield in that group. Yield increase from selection for plant 
N in the semideterminate group was greater than for any other 
groups of both crosses. 
Correlation between plant N content at R5 stage and seed 
nitrogen yield was also examined. There was a low and 
nonsignificant correlation between plant N content at R5 
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Table 13. Correlation coefficients between plant N content 
and seed yield as well as seed N yield in the 
groups of both crosses (1988 selected 
populations combined over two locations) 
Correlation between 
Group Plant N Seed Plant N 
content and yield content 
(kg/ha) (kg/ha) (kg/ha) 
and 
Seed N 
yield 
(kg/ha) 
-1X139-
Early maturity 
Medium maturity 
Late maturity 
Determinate 
Semideterminate 
Indeterminate 
-0.33 
-0.01 
-0.40 
-1X149-
-0.14 
0.65^ 
0.37 
-0.24 
0.01 
—0.45 
-0.10 
0.69 
0.43 
** 
Significant at 0.05 level. 
Significant at 0.01 level. 
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stage and seed N yield in most groups of both crosses (Table 
13). This finding was expected, because seed N is a function 
of seed yield, and seed yield seemed to be unrelated to plant 
N content at R5 stage. 
Because there was not much success in increasing the 
seed yield by selecting for plant N content, I examined the 
use of plant nitrogen concentration at the R5 stage as a 
selection criteria to see whether selection for this trait 
would be more successful in increasing the seed yield. Table 
14 shows seed yield increase from selection for plant N 
concentration as well as for plant N content in the groups of 
both crosses in the 1988 selected populations across the 
locations. Selection for plant N concentration at the R5 
stage increased the seed yield in 5 of 6 groups of both 
crosses, with a mean increase of 3.9% across the 5 groups. 
Selection for plant N concentration decreased the yield of 
the early maturity group of 1X139 by 1.2. An average of 3.8% 
seed yield increase across the 6 groups of both crosses was 
obtained by selection for plant N concentration, compared to 
only 0.2% increase in seed yield from selection for plant N 
content. 
In general, the 1988 year was not a good year for 
testing purposes due to dry and warm weather that caused the 
plants to be under severe stress and thereby probably 
reducing the genotypic expression for the traits of interest. 
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Table 14. Seed yield increase from selection for plant 
N concentration as well as plant N content in 
the groups of both crosses (1988 selected 
populations combined over two locations) 
Seed yield increase (kg/ha) 
Plant N Plant N 
Group # of lines Cross concentration content 
(mg/g dry wt.) (kg/ha) 
Early maturity 
Part 1^ 
Selected 
% increase 
19 
5 
139 
2209 
2182 
-1.2 
2209 
2078 
-5.9 
Medium Maturity 
Part 1 
Selected 
% increase 
22 
5 
139 
2060 
2126 
+3.2 
2060 
2020 
-1.9 
Late maturity 
Part 1 
Selected 
% increase 
10 
5 
139 
1917 
1974 
+3.0 
1917 
1913 
- 0 . 2  
Determinate 
Part 1 
Selected 
% increase 
6 
2 
149 
2110 
2243 
+6.3 
2110 
2087 
-1.1 
Semideterminate 
Part 1 
Selected 
% increase 
14 
4 
149 
2319 
2390 
+3.1 
2319 
2503 
+7.9 
Indeterminate 
Part 1 
Selected 
% increase 
% mean increase 
149 
10 
3 
2628 
2845 
+8.3 
+3.8 
2628 
2694 
+2.5 
+ 0 . 2  
Refers to the lines that have been previously selected 
for morphological and duration of SFP. 
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The effect of selection for plant N on other traits was 
examined in an attempt to differentiate the primary effects 
of selection for plant N on seed yield from any other 
possible effects that might also have some influence on seed 
yield. In this manner, one could speculate as to the 
possible reasons that might have been associated with the 
response, or lack of response, observed in some groups. 
Evaluation of lines for the traits used in the first part of 
tandem selection scheme was done at the Bruner Farm location 
only. Therefore, this location will be used to examine the 
status of lines after selection for plant N. Tables 15 and 
16 show the trait means of the lines selected in the first 
part of the tandem selection scheme and the lines selected 
for plant N as well as % change in traits due to selection 
for plant N in the groups within the 1X139 and 1X149 1988 
base populations at Bruner Farm. 
Selection for plant N increased the LS at R5 in all 
maturity groups of 1X139 and the indeterminate group of 
1X149. The average increase over these groups was 6.9%. 
Duration of the SFP was decreased in the early and late 
maturing groups of 1X139 as well as in the indeterminate 
group of 1X149. The average reduction in duration of the SFP 
over these groups was 2.8% or 0.9 days. The medium maturity 
group of IX 139 and the semideterminate group of 1X149 were 
increased in duration of the SFP by 2.6 and 7.5%, 
Table 15. Trait means for lines selected in part 1 and lines selected for plant N 
(part 2) and % change due to selection for plant N in the maturity groups 
of 1X139 and the semideterminate and indeterminate groups of 1X149 (1988 
selected populations at the Bruner Farm) 
Group # of lines LSR5 SFP LR7 PHR7 ïield^ 
(1-5) (days) (1-5) (cm) (kg/ha) 
-1X139-
Early maturity 
Part 1 
Part 2 
% change 
Medium maturity 
Part 1 
Part 2 
% change 
Late maturity 
Part 1 
Part 2 . 
% change 
19 
5 
22 
5 
10 
3 
2 . 0  
2 . 2  
+9.1 
2.1 
2.3 
+9.5 
2.1 
2 . 2  
+4.8 
30.2 
2 8 . 8  
—4.6 
30.4 
31.2 
+2.6 
33.3 
32.7 
-1.8 
1.2 
1.4 
+16.7 
1.3 
1.2 
-7.7 
1.3 
1.0 
-23.0 
81.9 
8 8 . 8  
+8.4 
91.4 
91.8 
+0.4 
96.1 
99.7 
+3.7 
2209 
2078 
-5.9 
2060 
2020 
-1.9 
1917 
1913 
-0.2 
Semideterminate 
Part 1 
Part 2 
% change 
Indeterminate 
Part 1 
Part 2 
% change 
14 
4 
10 
3 
2.9 
2 . 8  
-3.4 
2.5 
2 . 6  
+4.0 
38.8 
41.7 
+7.5 
39.8 
39.0 
- 2 . 0  
-1X149-
1.4 
1.0 
- 2 8 . 6  
1.1 
1.0 
-9.1 
107.2 
107.0 
—0.2 
107.1 
103.0 
-3.8 
2319 
2503 
+7.9 
2628 
2694 
+2.5 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 16. Trait means for lines selected in part 1 and lines selected for plant N 
(part 2), and % change due to selection for plant N in the determinate 
group of 1X149 (1988 selected populations at the Bruner Farm) 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (kg/ha) 
1X149 
Determinate 
Part 1 6 70.5 41.2 3.3 2110 
Part 2 2 76.5 42.0 3.5 2087 
% change +8.5 +1.9 +6.1 -1.1 
^Yield data are based on 2 locations with 2 replications in each location. 
vo 
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respectively. Lodging was decreased in 4 groups and 
increased in one group. Plant height was increased in all 
maturity groups of 1X139 as a result of selection for plant 
N. The increase in plant height ranged from 0.4% in the 
medium maturing group of 1X139 to 8.4% in the early maturing 
group. The indeterminate group of 1X149 was decreased in 
height by 3.8%. The semideterminate group of 1X149 remained 
unchanged in plant height. In the determinate group of 
1X149, selection for plant N content among lines increased 
the plant height, duration of SFP, and LSR5 by 8.5, 1.9, and 
6.1%, respectively. 
Lines with high plant N content at R5 were generally 
larger in plant size and leaflet size. The direction of 
change in morphological traits in lines selected for high 
plant N was contrary to the direction in which the lines were 
selected in the first part of tandem selection. Therefore, 
the lack of response in seed yield in some groups to 
selection for plant N might be attributed to a reversal in 
the desired direction of change for morphological traits. 
The unusual dry and warm weather condition in the 1988 
testing year may have also had an effect on the results. 
Overall Response to the Tandem Selection Scheme (1988) 
In order make it easier to follow the discussion 
regarding the response to overall tandem selection in 1988, I 
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will first discuss the changes that occurred in morphological 
and developmental traits and then yield response to overall 
selection will be evaluated. I will begin my discussion on 
the semideterminate and indeterminate selection model first, 
followed by a discussion of the determinate model. 
Discussion will be restricted to the Bruner Farm testing 
location because of the poor growing conditions at the Ross 
Farm. Tables 17 and 18 show the trait means of the lines in 
the base population and the lines selected by the tandem 
scheme in the groups within the 1X139 and 1X149 1988 base 
populations. 
Leaflet size decreased in the semideterminate and 
indeterminate groups of 1X149 by an average of 3.6% and 
remained unchanged in early and late maturing groups of 
1X139. The medium maturing group of 1X139 was increased in 
leaflet size by 4.5%. The overall change in LS was very 
small and probably not of biological importance. 
The duration of the SFP increased in 4 of 5 groups but, 
the increase was very small. The semideterminate group was 
the only group that increased substantially in duration of 
the SFP. The increase was 12.4% or 4.6 days. Nearly half of 
the increase came from selection for plant N. The early 
maturing group decreased in duration of the SFP by 5.9%. 
A substantial decrease in lodging was obtained in 4 of 5 
groups when compared to the original population. The medium 
Table 17. Trait means for lines in the base populations and for the lines selected 
by a tandem selection scheme in three maturity groups of 1X139 and the 
semideterminate and indeterminate groups of 1X149 (1988 base 
populations at the Bruner Farm) 
Group # of lines LSR5 SFP LR7 PHR7 Yield^ 
(1-5) (days) (1-5) (cm) (kg/ha) 
Early maturity 
Base 
Selected 
% change 
Medium maturity 
Base 
Selected 
% change 
Late maturity 
Base 
Selected 
% change 
79 
5 
93 
5 
41 
3 
2 . 2  
2 . 2  
0 . 0  
2 . 2  
2.3 
+4.5 
2 ,  
2 ,  
0 .  
30.6 
2 8 . 8  
-5.9 
30.4 
31.2 
+ 2 . 6  
32.5 
32.7 
+ 0 . 6  
-1X139-
1.3 
1.4 
+7.7 
1.4 
1.2 
14.3 
1.5 
1.0 
33.3 
87.3 
8 8 . 8  
+1.7 
95.0 
91.8 
-3.4 
99.0 
99.7 
+0.7 
2162 
2078 
-3.9 
2011 
2020 
+0.4 
1811 
1913 
+5.6 
Semideterminate 
Base 
Selected 
% change 
Indeterminate 
Base 
Selected 
% change 
40 
4 
34 
3 
2 ,  
2 .  
-3. 
2 
2 
-3, 
37.1 
41.7 
+12.4 
38.7 
39.0 
+0.8 
—1X149-
1.5 
1.0 
-33.3 
1.2 
1.0 
-16.7 
102.8 
107.0 
+4.1 
107.9 
103.0 
—4.6 
2304 
2503 
+ 8 . 6  
2462 
2694 
+9.4 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 18. Trait means for lines in the base populations and for the lines selected 
by a tandem selection scheme in the determinate group of 1X149 (1988 base 
populations at the Bruner Farm location) 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (kg/ha) 
1X149 
Determinate 
Base 28 70.5 41.8 3.3 2236 
Selected 2 76.5 42.0 3.5 2087 
% change +8.5 +0.5 -2.8 -6.7 
^Yield data are based on 2 locations with 2 replications in each location. 
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and late maturing groups of 1X139 as well as the 
semideterminate and indeterminate groups of 1X149 were 
decreased in lodging by 14.3, 33.3, 33.3,and 16.7%, 
respectively. More than half of the reduction in lodging was 
attributed to direct selection for decreased lodging in the 
first portion of tandem selection. The early maturing group 
increased in lodging by 7.7%. 
Changes in plant height due to overall selection were 
variable. Some groups increased in mean plant height, and 
some groups decreased. The medium maturing group of 1X139 
and the indeterminate group of 1X149 responded to selection 
and decreased in mean height by 3.4 and 4.6% or 3.2 and 4.9 
cm, respectively. The undesirable increases for plant height 
in the early and late maturity groups of 1X139 was due to 
selection for plant N, but were probably not large enough to 
adversely affect the yield. 
In the determinate group, changes in morphological and 
developmental traits due to selection were small. In 
general, lines were taller than the original lines. Duration 
of the SFP remained unchanged and leaflet size was reduced by 
only 2.8% compared to the original population. 
The yield response in each portion of the tandem 
selection schemes as well as the overall response for the 
1988 base population is shown in Table 19. The overall 
response to tandem selection for morphological, 
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Table 19. Percent seed yield increase due to each portion of 
the tandem selection schemes and the overall 
tandem selection schemes in the groups of 1X139 
and 1X149 across two locations in 1988 
Group 
Number of % Yield increase 
lines First part Second part 
Orig. Sel. of tandem of tandem Overall' 
-1X139-
Early maturity 79 5 +2.2 
Medium maturity 93 5 +2.4 
Late maturity 41 3 +5.9 
Mean +3.5 
-5.9 
-1.9 
- 0 . 2  
-2.7 
-3.9 
+0.4 
+5.6 
+0.7 
-1X149-
Determinate 28 2 -5.6 
Semideterminate 40 4 +0.7 
Indeterminate 34 3 +6.7 
-1.1 
+7.9 
+2.5 
-6.7 
+ 8 . 6  
+9.4 
Mean + 0 . 6  +3.1 +3.8 
The sum of % yield increase due to selection in each 
portion of tandem selection might not add up to overall % 
yield increase because of rounding. 
66 
developmental, and plant N traits was variable. The late 
maturing group of 1X139 and the semideterminate and 
indeterminate groups of 1X149 had a overall increase in yield 
of 5.6, 8.6, and 9.4%, respectively. All groups within 1X149 
had the same maturity as the late maturing group of 1X139. 
The major proportion of the yield increase in the late 
maturing group of 1X139, as well as the indeterminate group 
of 1X149, came after selection for morphological and 
developmental traits (Table 6). In contrast, in the 
semideterminate group, the major portion of the yield 
increase was from selection for plant N (Table 19). The 
overall yield increase in the semideterminate group of 1X149 
was associated with a significant decrease in lodging, longer 
SFP, and smaller leaflet size. The yield increases in the 
late maturing group of 1X139 and in the indeterminate group 
of 1X149 were associated with substantial decreases in 
lodging and, in the case of the indeterminate group of 1X149, 
was also associated with a moderate decrease in plant height 
and leaflet size. The overall yield increase over the 3 stem 
termination types of 1X149 was 3.8% compared to only 0.7% 
over the 3 maturity groups of 1X139. Across the 6 groups, 
selection for morphological and developmental traits was more 
effective in increasing the overall yield than selection for 
plant N. 
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Because selection for plant N did not improve the yield, 
one could conclude that plant N mobilization, that could be 
related to the N pool at the R5 stage and provide a 
significant portion of the seed N, did not play a role in 
determining the final seed yield. A similar conclusion was 
also reached by Zeiher et al. (1982) and Egli et al. (1983). 
One question that can be addressed here as a result of 
the poor association between plant N and seed yield, is the 
role of other sources of N supply to the seed after the R5 
stage and their relation to the yield. Nitrogen fixation and 
N uptake from the soil are the other sources of N for the 
seed. By using plant N data with other information, one 
could examine and speculate about the importance of these 
sources of N in providing nitrogen for the seed. To do that, 
one could divide the seed N by plant N at R5 to obtain a 
ratio of seed N to plant N. This ratio varied among lines 
within the groups of 1X139 and 1X149, ranging from 0.59 to 
1.33. Lines with higher ratios, particularly greater than 
1.0, probably provided a greater amount of N to the seed by 
means of N fixation or N uptake, or both, and produced 
greater seed yield than those with a smaller ratio. It could 
be assumed that the lines with greater N content at R5 
provides, or have potential for providing, a greater amount 
of seed N compared to the lines with less N available at R5. 
This assumption had been found to be true in the 1982 Zeither 
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study as well as in other studies. Because this ratio is 
associated positively with seed yield, and the finding in 
this study that total plant N was unrelated to the seed 
yield, one might conclude that the post R5 N supply by means 
of continued N fixation or N uptake plays a significant role 
in determining the final seed yield. However, the seed N to 
plant N ratio will not provide any information on the 
relative amounts of seed N that comes from different sources. 
It is worth noting that in order to obtain the ratio, one 
must have the yield data available so that one can determine 
the seed N. However, if the yield data are available, then 
one can select directly for yield. 
Since my study was designed to investigate the yield 
response to the use of morphological and developmental traits 
as well as plant N, in a tandem selection scheme, the ratio 
of mature seed N to plant N at R5 stage was of no 
significance in my experiment. It provides, however, an 
insight into the relative importance of post R5 N supply to 
the seed in determining the seed yield. Perhaps, lines with 
greater ratios might be used in future experiments to further 
examine the importance of the ratio of seed N to plant N. 
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1989 Results 
Genetic variance for the groups of lines within 1X139 
and 1X149 is shown in Table 20. Significant genetic 
variation was present for all traits under selection within 
all groups of both crosses except for the leaflet size at the 
R5 stage in the late maturity group of 1X139. 
Response to Selection (1989) 
Response to selection for each part of the tandem 
selection scheme will be reported first, followed by a report 
on overall response to tandem selection. The selection model 
for the semideterminate and indeterminate groups is examined 
first. 
Selection for Morphological Traits and Seed 
Filling Period in the First Part of 
the Tandem Selection Scheme (1989) 
To determine the response of morphological traits and 
duration of the SFP to selection in the first part of the 
tandem selection scheme, the mean of each trait of the 
selected lines within each group was compared with the 
corresponding mean in the original (base) lines within the 
same group. Tables 21 and 22 show the means of the original 
(base) lines and the means of lines selected for each trait 
in each group within the 1X139 and 1X149 1989 base 
populations. 
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Table 20. Genetic variance among lines for morphological and 
developmental traits in the groups within the 1X139 
and 1X149 (1989 base populations at the Bruner 
Farm) 
Group Cross 
LSR5 
(1-5) 
SFP 
(days) 
LR7 
(1-5) 
PHR7 
(cm) 
1X139 
Early maturity 
Medium maturity 
Late maturity 
0.22** 3.22** 0.12** 71.72** 
1X149 
Determinate 
Semideterminate 
Indeterminate 
0.15 10.98 0.00 71.22 
0.22 19.60 0.80 74.67 
0.14 11.07 0.48 101.11 
NS Not significant at 0.05 level. 
Significant at 0.05 level. 
Significant at 0.01 level. 
Table 21. Trait means and % change due to independent culling in the first part of 
a tandem selection in three maturity groups of 1X139 and the 
semideterminate and indeterminate groups of 1X149 (1989 base populations 
at the Bruner Farm) 
Group # of lines LSR5 SFP LR7 PHR7 Yield^ 
(1-5) (days) (1-7) (cm) (kg/ha) 
Early maturity 
Base 
Part 1 
% change 
Medium maturity 
Base 
Part 1 
% change 
Late maturity 
Base 
Part 1 
% change 
79 
19 
93 
22 
41 
10 
3.0 
3.0 
0 . 0  
3.0 
2.9 
-3.4 
3.1 
2.7 
•12.9 
39.1 
39.4 
+ 0 . 8  
43.8 
44.3 
+1.1 
43.7 
45.4 
+3.9 
-1X139-
1.9 
1.9 
0 . 0  
2.5 
2.3 
- 8 . 0  
2.3 
1.8 
-21.7 
104.4 
101.1 
-3.2 
116.6 
112.1 
-3.9 
111.8 
105.3 
-5.8 
2618 
2676 
+ 2 . 2  
2616 
2649 
+1.3 
2568 
2704 
+5.3 
Semideterminate 
Base 
Part 1 
% change • 
Indeterminate 
Base 
Part 1 
% change 
40 
14 
34 
10 
3.2 
3.3 
+3.1 
2 . 8  
2.3 
-17.9 
46.0 
48.5 
+5.4 
45.8 
46.9 
+2.4 
-1X149-
2.5 
2.5 
0 . 0  
1.8 
1.5 
•16.7 
100.7 
102.1 
+1.4 
106.9 
105.3 
-1.5 
3073 
3115 
+1.4 
2895 
2983 
+3.0 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 22. Trait means and % change due to independent culling in the first part of 
a tandem selection in the determinate group of 1X149 (1989 base 
population at the Bruner Farm) 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (Kg/ha) 
1X149 
Determinate 
Base 28 69.3 49.2 3.2 2955 
Part 1 6 71.5 49.2 3.4 2851 
% change +3.2 0.0 +6.3 -3.5 
^Yield data are based on 2 locations with 2 replications in each location. 
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Significant genetic variation for LS at the R5 stage was 
found among lines in the early and medium maturing groups of 
1X139 as well as among lines within the semideterminate and 
indeterminate groups of 1X149 (Table 20). Response to 
independent culling for this trait was inconsistent (Table 
21). Lines of the medium and late maturity groups of 1X139 
and the indeterminate group of 1X149 responded to selection 
and their leaflet size was reduced by 3.4, 12.9, and 17.9% 
with a mean reduction of 11.4% across the 3 groups, 
respectively. The leaflet size was increased in the 
semideterminate group by 3.1% and remained unchanged in the 
early maturity group of 1X139. 
There was significant genetic variation for duration of 
the seed filling period in all maturity groups of 1X139 as 
well as in the semideterminate and indeterminate groups of 
1X149 (Table 20). Selection for this trait was effective, 
but the magnitude of the response was small, ranging from 0.8 
to 5.4% or an increase of 0.3 to 2.5 days with an average of 
2.7% or 1.2 days over the 5 groups. 
Lodging among lines was significant in all maturity 
groups of 1X139 as well as in the semideterminate and 
indeterminate groups of 1X149. There was a response to 
independent culling for lodging in 3 of 5 groups. Lodging of 
the selected lines in the medium and late maturity groups of 
1X139 and indeterminate groups of 1X149 was reduced by 8.0, 
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21.7, 16.7%, respectively. There was no effect on lodging as 
a result of selection in the early maturing group of 1X139 
and semideterminate group of 1X149. 
Differences among lines for plant height were also 
observed in all groups of both crosses. Response to 
independent culling for decreased plant height was positive 
in all maturity groups of 1X139 and the indeterminate group 
of 1X149, ranging from 1.5 to 5.8% or 1.6 to 6.5 cm with a 
mean of 3.6% or 4 cm across the 4 groups. The 
semideterminate group increased in mean plant height by 1.4% 
or 1.4 cm. 
Probabilities of a greater F value for differences among 
lines for seed yield in the groups of lines are shown in 
Table 23. Lines differed significantly in all maturity 
groups of 1X139 and in the semideterminate group of 1X149. 
Selection for morphological traits and duration of the SFP, 
using independent culling in the first part of the tandem 
selection, increased the yield of all maturity groups of 
1X139 as well as the semideterminate and indetermiate groups 
of 1X149 (Table 21). However, the yield increase was small, 
ranging from 1.3 to 5.3%, equivalent to 33 to 136 kg/ha. The 
late maturity group of 1X139 and the indeterminate group of 
1X149 were the only two groups that responded positively to 
all traits, particularly lodging and leaflet size. As a 
probable result of that, yield increases in those groups were 
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Table 23. Probabilities of a greater F value for differences 
in seed yield among lines in the groups within 
1X139 and 1X149 (1989 base populations across two 
locations) 
Group Cross Number of lines Pr > F 
Early maturity 
Medium maturity 
Late maturity 
Determinate 
S emideterminate 
Indeterminate 
1X139 
1X149 
79 
93 
41 
28 
40 
34 
0.0001 
0.0001 
0.0185' 
0.7809 
0.0054 
0.2874 
** 
** 
NS 
** 
NS 
NS Not significant at 0.05 level. 
Significant at 0.05 level. 
**Significant at 0.01 level. 
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greater than in the other groups. 
There was significant genetic variance for all traits in 
the determinate groups of 1X149 (Table 20). The trait mean 
and % change due to selection for morphological traits and 
duration of SFP as well as the order in which the traits were 
used to cull lines in the determinate group are shown in 
Table 22. Response to selection for the traits was variable. 
Independent culling for plant height was positive and 
increased the mean plant height among the selected lines by 
3.2%. There was no response to independent culling for 
duration of the SFP. Selection for leaflet size was not 
successful and increased the size by 6.3%. Seed yield 
decrease in the determinate group as a result of selection 
might be attributed partly to chance because of the limited 
number of lines that were selected to determine the seed 
yield response. 
Selection for Plant Nitrogen in the Second Part 
of the Tandem Selection Scheme (1989) 
Yield data of the 1989 base population was used to 
determine the response to selection for plant N content at 
the R5 stage in the second part of the tandem selection 
scheme. The response was determined for each location as 
well as for combined locations. Yield data for the selected 
lines were obtained from the 1989 base population in order to 
be comparable with the yield of the original (base) lines. 
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Genetic variance among lines for plant N in the groups 
of both crosses for each of two locations as well as combined 
over locations is shown in Table 24. At the Bruner Farm, 
There was no significant genetic variance among lines for 
plant N content in 5 of 6 groups of both crosses. Lines in 
the semideterminate group of 1X149 differed significantly in 
plant N content. 
At the Lippert Farm, there was also no significant 
genetic variation among lines for plant N in all groups 
within both crosses except for the early maturity group of 
the 1X139. Based on data combined over two location, lines 
in the semideterminate group of 1X149 were found to differ 
significantly in plant N. Lack of significant differences in 
plant N might be attributed to lack of significant 
differences in plant N between the parents of each cross or 
to the poor growing conditions in the year tested. 
The selection differential for plant N content at the R5 
stage was determined, by comparing the mean of the lines that 
had been previously selected for morphological traits and 
duration of the SFP in the first part of the tandem scheme to 
the mean of lines selected for high plant N content in the 
second part of the tandem scheme. The selection intensity 
for plant N was approximately 25%. Table 25 shows the 
selection differentials in mean plant N content for the 
groups in the 1X139 and 1X149 selected populations in 1989 
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Table 24. 
Group 
Genetic variance among lines for plant N (kg/ha) 
in the groups within 1X139 and 1X149 selected 
populations at two locations and combined over 
locations (1989) 
# of lines Bruner 
Farm 
Lippert Combined' 
Farm 
Early maturity 
Medium maturity 
Late maturity 
19 
22 
10 
182.68 
42.19 
NS 
NS 
165.19 NS 
-1X139-
59.75^8 55.69^® 
Determinate 
semideterminate 
indeterminate 
6 
14 
10 
218.37 NS 
228.32 
0 . 0 0  NS 
-1X149-
0.00^3 70.55^® 
0.00^^ 128.00* 
50.96^® 23.46^8 
^Combined plant N data are based on 2 locations with 2 
replications in each location. 
NS. Not significant at the 0.05 level. 
Significance at 0.05 level. 
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for each location as well as combined over locations. 
Selection differentials in mean plant N varied widely 
across the groups, ranging from 5.8 to 11.2% at the Bruner 
Farm, 5.8 to 15.3% at the Lippert Farm, and 5.1 to 9.7% when 
combined over locations, respectively. In general, the 
selection differential for maturity groups of 1X139 was 
greater than that of the stem termination types of 1X149 at 
each location as well as when combined over locations. 
Probabilities of a greater F value for differences in 
yield among lines, previously selected for morphological 
traits and duration of the SFP, for the groups within 1X139 
and 1X149 selected populations at each location and combined 
are shown in Table 26. Lines differed significantly in only 
two groups, the medium maturity group of 1X139 and the 
semideterminate group of 1X149. 
To determine the seed yield response to selection for 
plant N content, the mean yield of the lines selected in the 
first part of the tandem selection scheme was compared to the 
mean yield of the lines selected for high plant N in the 
second part of tandem selection. Table 27 shows the mean 
yield of lines selected in the first part of the tandem and 
the mean yield of the lines selected for plant N in the 
second part of the tandem scheme as well as % yield increase 
in the groups of both crosses at each location and combined 
over locations. 
Table 25. Means and selection differentials for plant N (kg/ha) for the groups 
within the 1X139 and 1X149 (1989 selected populations at two locations 
and combined over locations) 
Number of lines Cross Part 1 Part 2 Selection 
Groups Part 1** Part 2 mean mean differentials (%) 
Bruner Farm 
Early maturity 19 5 139 215 238 10.7 
Medium maturity 22 5 235 254 8.1 
Late maturity 10 3 233 259 11.2 
Determinate 6 2 149 227 245 7.9 
Semideterminate 14 4 241 264 9.5 
Indeterminate 10 3 225 238 5.8 
Lippert Farm— 
Early maturity 19 5 139 216 249 15.3 
Medium maturity 22 5 212 237 11.8 
Late maturity 10 3 205 217 5.9 
Determinate 6 2 149 213 233 9.4 
Semideterminate 14 4 217 233 7.4 
Indeterminate 10 3 208 220 5.8 
^Refers to the lines that were selected in the first part of tandem selection. 
^Refers to the lines that were selected for high plant nitrogen content in the 
second part of the tandem selection scheme. 
Table 25. (Continued) 
Number of lines Cross Part 1 Part 2 Selection 
Groups Part 1 Part 2 mean mean differentials (%) 
Combined^ 
Early maturity 19 5 139 216 237 9.7 
Medium maturity 22 5 224 240 7.1 
Late maturity 10 3 219 233 6.4 
Determinate 6 2 149 220 238 8.2 
Semideterminate 14 4 229 248 8.3 
Indeterminate 10 3 217 228 5.1 
*^Combined data is based on two locations with two replications in each 
location. 
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Table 26. Probabilities of a greater F value for 
differences in seed yield among lines, previously 
selected for morphological and developmental 
traits, in the groups within 1X139 and 1X149 
(1989 base populations across two locations) 
Group Cross Number of lines Pr > F 
Early maturity 
Medium maturity 
Late maturity 
Determinate 
Semideterminate 
Indeterminate 
1X139 
1X149 
19 
22 
10 
6 
14 
10 
0.132I5J? 
0.5264^3 
0.0010 
0.2049*^ 
NS 
** 
Not significant at the 0.05 level. 
Significant at O.Ol level. 
Table 27. Mean seed yield (kg/ha) and % increase from selection for plant N in the 
maturity groups of 1X139 and the stem termination groups of 1X149 (1989 
selected populations for each location and combined) 
Group # of lines Cross Brunner Farm 
Location 
Lippert Farm Combined 
Early maturity 
Part 1* 
Selected 
% increase 
19 
5 
1X139 
3042 
3096 
+1.8 
2310 
2398 
+3.8 
2676 
2744 
+2.5 
Medium maturity 
Part 1 
Selected 
% increase 
22 
5 
3075 
3112 
+1.2 
2213 
2425 
+9.6 
2649 
2719 
+ 2 . 6  
Late maturity 
Part 1 
Selected 
% increase 
10 
3 
3120 
3154 
+1.1 
2288 
2217 
—3.1 
2704 
2733 
+1.1 
location. 
Combined yield data are based on two locations with 2 replications in each 
^Refers to the lines that have been previously selected for morphological 
traits and duration of SFP. 
Table 27. (Continued) 
Group # of lines Cross Brunner Farm 
Locations 
Lippert Farm Combined 
Determinate 
Part 1 
Selected 
% increase 
6 
2 
1X149 
3296 
3531 
+7.1 
2406 
2450 
+1.8 
2851 
2907 
+ 2 . 0  
Semideterminate 
Part 1 
Selected 
% increase 
14 
4 
3707 
3703 
-0.1 
2523 
2378 
-5.7 
3115 
3001 
-3.7 
Indeterminate 
Part 1 
Selected 
% increase 
10 
3 
3410 
3490 
+2.3 
2535 
2622 
+3.4 
2983 
2996 
+0.4 
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At the Bruher Farm, selection for high plant N increased 
the seed yield in 5 of 6 groups of both crosses. However, 
the increases were small, ranging from 1.1% or 29 kg/ha in 
the late maturity group of 1X139 to 7.1 or 235 kg/ha in the 
determinate group of 1X149, with a mean yield increase of 
2.7% or 88 kg/ha over the 5 groups. Selection for high plant 
N had no effect on the seed yield of the semideterminate 
group of 1X149. 
At the Lippert Farm, the yield of the early and medium 
maturing groups of 1X139, as well as the yield of the 
determinate and indeterminate groups of 1X149, was increased 
by an average of 4.7% over the 4 groups as a result of 
selection for high plant N. More than half of the 4.7% yield 
increase was contributed by the yield increase of 9.6% of the 
medium maturity group of 1X139. Selection for high plant N 
at the Lippert Farm decreased the seed yield of the late 
maturity group of 1X139 and the semideterminate group of 
1X149 by 3.1 and "5.7%, respectively. 
Selection for plant N based on data combined over 
locations increased the seed yield in 5 of 6 groups of both 
crosses, but the increases were small, ranging from 0.4 to 
2.6% or 13 to 70 kg/ha. The semideterminate group of 1X149 
decreased in yield by 3.7% or 114 kg/ha as a result of 
selection for high plant N. 
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The lack of response in some groups of both crosses 
might be partly due to the lack of significant genetic 
variation for plant nitrogen and seed yield in the poor 
environments of 1989. 
It appears that the plant N content at the R5 stage does 
not influence the final seed yield to a great extent. This 
was also shown by low and nonsignificant correlations that 
were found between plant N with seed yield (Table 28) in all 
groups of both crosses. Correlations between plant N and 
seed N yield were also examined to see whether the size of 
the N pool at the R5 stage has any relationship with the 
amount of N present in the seed. Again, there were no 
significant correlations between plant N and seed N yield in 
all groups of both crosses. 
Because of the lack of a significant yield increase in 
most groups of both crosses as a result of selection for 
plant N, I examined the use of plant N concentration at the 
R5 stage in an attempt to see whether selection for that 
trait might influence the seed yield to greater extent than 
selection for plant N. Selection for plant N concentration 
increased the seed yield of the medium and late maturity 
groups of 1X139 as well as the indeterminate group of 1X149 
by 4.7, 3.6. and 2.7% across the two locations, respectively. 
Across the locations and groups, selection for plant N 
concentration increased the seed yield by 1.1% compared to 
87 
Table 28. Correlation coefficients between plant N content 
and seed yield as well as seed N yield in the 
groups of both crosses (1989 selected populations 
combined over two locations) 
Correlation between 
Group Plant N Seed 
content and yield 
(kg/ha) (kg/ha) 
Plant N 
content 
(kg/ha) 
and 
Seed N 
yield 
(kg/ha) 
-1X139-
Early maturity 
Medium maturity 
Late maturity 
Determinate 
Semideterminate 
Indeterminate 
0.44 NS 0.47 NS 
0.18 NS 0.18 NS 
-0.19 NS - 0 . 2 2  NS 
-1X149-
0.58 NS 0.73 NS 
-0.29 NS -0.31 NS 
0.11 NS 0.17 NS 
^^Not significant at the 0.05 level. 
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0.8% by selection for plant N content (Table 29). 
The effect of selection for plant N content on 
morphological traits and duration of the SFP will be examined 
next in an attempt to separate the primary effect of 
selection for plant N on seed yield from secondary effects 
that might have been caused by the changes in the status of 
other traits that might have affected seed yield. Discussion 
will be restricted to the Bruner Farm selection location 
only. 
Tables 30 and 31 show the trait means for selected lines 
in the first and second part of the tandem selection scheme 
as well as the % change due to selection in the groups of 
both crosses. The selection model for the semideterminate 
and indeterminate groups will be examined first. 
Selection for high plant N reduced the LS in all 
maturity groups of 1X139 and in the indeterminate group of 
1X149, averaging a 7.4% decrease across the 4 groups. 
Leaflet size of lines in the semideterminate group remained 
unchanged as a result of selection. Duration of the SFP 
increased in the late maturing group of 1X139 by 1.1 days, 
remained nearly unchanged in the semideterminate and 
indeterminate groups of 1X149, and decreased by 1 and 1.4 
days, respectively in the early and medium maturing groups of 
1X139 as a result of selection for high plant N. 
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Table 29. Seed yield increase from selection for plant N 
concentration as well as plant N content in the 
groups of both crosses (1989 selected populations 
combined over two locations) 
Seed yield increase fka/ha) 
Plant N Plant N 
Group # of lines Cross concentration content 
(mg/g dry wt.) (kg/ha) 
Early maturity 
Part 1% 
Selected 
% increase 
19 
5 
139 
2676 
2660 
—0.6 
2676 
2744 
-5.9 
Medium Maturity 
Part 1 
Selected 
% increase 
22 
5 
139 
2649 
2774 
+4.7 
2649 
2719 
+2.6 
Late maturity 
Part 1 
Selected 
% increase 
10 
5 
139 
2704 
2802 
+3.6 
2704 
2733 
+1.1 
Determinate 
Part 1 
Selected 
% increase 
6 
2 
149 
2851 
2825 
-0.9 
2851 
2907 
+ 2 . 0  
Semideterminate 
Part 1 
Selected 
% increase 
14 
4 
149 
3115 
3018 
-3.1 
3115 
3001 
-3.7 
Indeterminate 
Part 1 
Selected 
% increase 
10 
3 
149 
2983 
3065 
+2.7 
2983 
2996 
+0.4 
% mean increase +1.1 + 0 . 8  
Refers to the lines that have been previously selected 
for morphological and duration of SFP. 
Table 30. Trait means for lines selected in part 1 and lines selected for plant N 
(part 2) and % change due to selection for plant N in the maturity groups 
of 1X139 and the semideterminate and indeterminate groups of 1X149 (1989 
selected populations at the Bruner Farm) 
Group # of lines LSR5 SFP LR7 PHR7 Yield^ 
(1-5) (days) (1-5) (cm) (kg/ha) 
-1X139-
Early maturity 
Part 1 
Part 2 
% change 
Medium maturity 
Part 1 
Part 2 
% change 
Late maturity 
Part 1 
Part 2 
% change 
19 
5 
22 
5 
10 
3 
3.0 
2 . 8  
-6.7 
2.9 
2.7 
-6.9 
2.7 
2.5 
-7.4 
39.4 
38.4 
-2.5 
44.3 
42.9 
-3.2 
45.4 
46.5 
+2.4 
1.9 
2 . 2  
+15.8 
2.3 
2.3 
0 . 0  
1.8 
1.5 
-16.7 
101.1 
102.2 
+1.1 
112.1 
110.0 
+1.0 
105.3 
104.7 
—0.6 
2676 
2744 
+2.5 
2649 
2719 
+ 2 . 6  
2704 
2733 
+1.1 
Semideterminate 
Part 1 
Part 2 
% change 
Indeterminate 
Part 1 
Part 2 
% change 
14 
4 
10 
3 
3.3 
3.3 
0 . 0  
2.3 
2.1 
•8.7 
48.5 
48.8 
+ 0 . 6  
46.9 
46.7 
-0.4 
-1X149-
2.5 
3.0 
+20.0 
1.5 
1.6 
+6.7 
102.1 
110.0 
+7.3 
105.3 
107.0 
+1.6 
3115 
3001 
-3.7 
2983 
2996 
+0.4 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 31. Trait means for lines selected in part 1 and lines selected for plant N 
(part 2) and % change due to selection for plant in the determinate group 
of 1X149 (1989 selected population at the Bruner Farm) 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (kg/ha) 
1X149 
Determinate 
Part 1 6 71.5 49.2 3.4 2851 
Part 2 2 69.5 49.5 3.2 2907 
% change -2.8 +0.6 -5.9 +2.0 
^Yield data are based on 2 locations with 2 replications in each location. 
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Selection for high plant N was associated with increased 
lodging in 3 of 5 groups of both crosses. The early maturity 
group of 1X139 as well as the semideterminate and 
indeterminate groups of 1X149 increased in lodging by 15.8, 
20.0, and 6.7%, respectively. Lodging decreased in the late 
maturity group and remained unchanged in the medium maturity 
group of 1X139. 
Lines selected for high plant N in the early and medium 
maturity groups of 1X139 and in the indeterminate group of 
1X149 were slightly taller as compared to the lines that had 
been previously selected for morphological and developmental 
traits. The late maturity group of 1X139 was relatively 
unaffected by selection for high plant N. Semideterminate 
selected lines however, increased in mean plant height by 7.9 
cm from selection for plant N. 
Selection for high plant N in the determinate group 
increased the mean plant height by 2 cm, had little effect on 
duration of the SFP, and decreased the LS by 5.9% (Table 31). 
The small magnitude of the changes that occurred in the 
status of the traits in all groups of both crosses might be 
attributed to the chance rather than to the actual effect of 
selection for high plant N due to the limited number of 
lines, ranging from 2 to 5, that were evaluated after the 
selection for high plant N. 
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Selection increased the seed yield in all groups of both 
crosses except in the semideterminate group of 1X149, but the 
increase in each group was small (Table 27). The reason(s) 
for the small increase might be due to direct selection for 
plant N, to some changes that occurred in some morphological 
traits, to chance because of the very limited number of lines 
used in evaluation, and/or a combination of these factors. 
In the case of the semideterminates, reduction in yield after 
the selection for plant N might be attributed to increased 
lodging and plant height. 
Overall Response to the Tandem Selection Scheme (1989) 
The 1989 response to selection for each part of tandem 
selection was discussed. Now, I will discuss the overall 
response to the tandem selection scheme by first examining 
the changes that occurred in the morphological traits and 
duration of the SFP and their subsequent effects on seed 
yield. Then the seed yield response to the overall tandem 
selection scheme will be evaluated. Because the 
morphological and developmental traits were evaluated only at 
the Bruner Farm testing location, my discussion on the above 
subjects will be restricted to that location. The 
•semideterminate and indeterminate selection model will be 
examined first. 
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Trait means of the original (base) lines and the lines 
selected by the tandem selection scheme in the groups of the 
1X139 and 1X149 1989 base populations at the Brunner Farm is 
shown in Tables 32 and 33. 
Leaflet size decreased in 4 of 5 groups of both crosses 
and decreased by an average of 15.3% across the 4 groups. 
Leaflet size in the semideterminate group of 1X149 increased 
by 3.1%, which is probably not biologically important. The 
small leaflet size of the selected lines in each of those 4 
groups was associated with a yield increase. 
The changes in the duration of the SFP in the selected 
lines compared to original (base) lines were inconsistent. 
Selected lines in the late maturity group of 1X139 and 
semideterminate group of 1X149, on the average, were 2.8 days 
longer in duration of the SFP compared to the original (base) 
lines. The indeterminate group of 1X149 increased in 
duration of SFP by 0.9 day and the early and medium maturity 
groups decreased in duration of the SFP by an average of 0.8 
day, not of biological importance. Selected lines with 
longer or shorter duration of the SFP gave inconsistent yield 
responses. 
Selected lines within the medium and late maturity groups 
of 1X139 and within the indeterminate group of 1X149 lodged 
considerably less than the original (base) lines within the 
same groups. Average reduction over the 3 groups was 18%. 
Table 32. Trait means for lines in the base populations and for the lines selected 
by a tandem selection scheme in three maturity groups of 1X139 and the 
semideterminate and indeterminate groups of 1X149 (1989 base populations 
at the Bruner Farm) 
Group # of lines LSR5 SFP LR7 PHR7 Yield^ 
(1-5) (days) (1-5) (cm) (kg/ha) 
-1X139-
Early maturity 
Base 
Selected 
% change 
Medium maturity 
Base 
Selected 
% change 
Late maturity 
Base 
Selected 
% change 
79 
5 
93 
5 
41 
3 
3.0 
2.8 
—6.7 
3.0 
2.7 
•10.0 
3.1 
2.5 
-19.4 
39.1 
38.4 
-1.8 
43.8 
42.9 
-2.1 
43.7 
46.5 
+6.4 
1.9 
2 . 2  
+15.8 
2.5 
2.3 
-8.0 
2.3 
1.5 
-34.8 
104.4 
102.2 
-2.1 
116.6 
111.0 
-5.7 
111.8 
104.7 
—6.4 
2618 
2744 
+4.8 
2616 
2719 
+3.9 
2568 
2733 
+6.4 
Semideterminate 
Base 
Selected 
% change 
Indeterminate 
Base 
Selected 
% change 
40 
4 
34 
3 
3.2 
3.3 
+3.1 
2 . 8  
2.1 
-25.0 
46.0 
48.8 
+6.1 
45.8 
46.7 
+ 2 . 0  
-1X149-
2.5 
3.0 
+ 2 0 . 0  
1.8 
1.6 
-11.1 
100.7 
110.0 
+9.2 
106.9 
107.0 
+0.1 
3073 
3001 
-2.3 
2895 
2996 
+3.5 
^Yield data are based on 2 locations with 2 replications in each location. 
Table 33. Trait means for lines in the base population and for the lines selected 
by a tandem selection scheme in the determinate group of 1X149 (1989 base 
population at the Bruner Farm) 
Group # of lines PHR7 SFP LSR5 Yield^ 
(cm) (days) (1-5) (kg/ha) 
1X149 
Determinate 
Base 28 69.3 49.2 3.2 2955 
Selected 2 69.5 49.5 3.2 2907 
% change +0.3 +0.6 0.0 -1.6 
^Yield data are based on 2 locations with 2 replications in each location. 
w 
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The decrease in lodging in each of those groups was 
associated with higher yield. The selected lines in the 
early maturity group of 1X139 and semideterminate group of 
1X149 lodged considerably more than the base population, by 
an average of 18% over the 2 groups. Selected lines in the 
early maturity group that lodged more also had higher yield. 
In the case of lines in the semideterminate group, greater 
lodging was associated with lower yield. 
Plant height of selected lines in all maturity groups of 
1X139 was decreased by an average of 5 cm. Decreases in 
plant height were associated with the increases in seed 
yield. Selected lines in the indeterminate group of 1X149 
remained unchanged in plant height as a result of overall 
tandem selection. The semideterminate group however, 
increased in mean plant height by 9.3 cm. The increase in 
plant height of the selected lines in the semideterminate 
group was associated with a decrease in seed yield. 
The second aspect of the overall response to tandem 
selection was the seed yield response. Table 34 shows the 
percent seed yield increase in each portion of the tandem as 
well as the overall tandem scheme in the groups of both 
crosses for the 1989 base populations. Percent yield 
increase based on data combined over locations will be 
reported. 
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Table 34. Percent seed yield increase due to each portion of 
the tandem selection schemes as well as the 
overall tandem selection schemes in the groups 
within 1X139 and 1X149 across two locations in 
1989 
Number of % Yield increase 
lines First part Second part 
Group Orig. Sel. of tandem of tandem Overall^ 
1X139 
Early maturity 79 5 +2.2 +2.5 +4.8 
Medium maturity 93 5 +1.3 +2.6 +3.9 
Late maturity 41 3 +5.3 +1.1 +6.4 
Mean +2.9 +2.1 +5.0 
Determinate 28 2 -3.5 +2.0 -1.6 
Semideterminate 40 4 +1.4 -3.7 -2.3 
Indeterminate 34 3 +3.0 +0.4 +3.5 
Mean +0.3 -0.4 -0.1 
The sum of % yield increase due to selection in each 
portion of tandem selection might not add up to overall % 
yield increase because of rounding. 
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The early, medium, and late maturing groups of 1X139 and 
the indeterminate group of 1X149 increased in yield in each 
part of the tandem selection scheme with an overall yield 
increase of 4.8, 3.9, and 6.4, and 3.5%, respectively. The 
greater yield response of the late maturity group of 1X139 
was probably due to the positive response to selection for 
all desired traits. The indeterminate group of 1X149 as well 
as other groups in 1X149 were similar in maturity to the 
medium or late maturing groups of 1X139. The determinate and 
semideterminate groups of 1X149 decreased in overall yield by 
1.6 and 2.3%, respectively as a result of tandem selection. 
The yield decrease in the determinate group probably can be 
attributed to a lack of response to selection for 
morphological and developmental traits or to the very small 
number of lines being used for evaluation, or to both. In 
the case of the semideterminate group, the decrease in 
overall yield seems to be associated with increased leaflet 
size, lodging, and plant height, which resulted mainly from 
selection for high plant N. However, the decrease in yield 
might be due to chance because of the small number of lines 
selected for high plant N. It is worth noting that the 
increase or decrease in yield in any of those groups was not 
probably large enough to be of biological importance. 
Overall yield increase due to selection for the desired 
traits across the 6 groups of both crosses was 2.5%, with 2/3 
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coming from selection for morphological traits and duration 
of SFP and 1/3 coming from selection for high plant N. In 
general, maturity groups of 1X139 responded more positively 
to each portion of tandem selection than did the stem 
termination types of the 1X149. 
The seed N yield to plant N content ratio was also 
obtained to investigate the role of other sources of N supply 
to the seed. Ratios varied among lines in different groups, 
ranging from 0.62 to 0.94. This range is much narrower than 
the range shown in 1988. Lines with higher ratios seemed to 
have greater yield than the ones with the smaller ratios.. 
Since there was no ratio greater than 1, one can not 
determine the significance of the role of other sources of N 
supply. 
Results and Discussions—Combined years 
Significant genetic variance was present for all 
morphological and developmental traits in all groups of both 
crosses in all years except for leaflet size at the R5 stage 
in the late maturity group of 1X139 in 1988 and in the 
indeterminate group of 1X149 in 1989 (Tables 5 and 20). 
Probabilities of a greater F value for differences among 
lines in seed yield in the groups of both crosses for each 
years are shown in Tables 8 and 23. Lines differed 
significantly in seed yield in all groups of both crosses in 
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both years except in the determinate and indeterminate groups 
of 1X149 in 1989. 
Seed yield response to independent culling for 
morphological traits and duration of the seed filling period 
in the first part of tandem selection scheme was positive in 
all groups of both crosses in both years except in the 
determinate group of 1X149 (Tables 19 and 34). However, the 
magnitude of response in each year was small, ranging from 
0.7% in the semideterminate group in 1988 to 6.7 in the 
indeterminate group of 1X149 in the same year, with a mean 
increase across the 5 groups and years of 3.1%. Lack of seed 
yield response to independent culling in the determinate 
group might be due to chance because of the limited number of 
lines used to determine the seed yield. Small yield 
increases from independent culling for morphological and 
developmental traits were also obtained in the 1986 Obenland 
study. He obtained an average yield increase of 2.7% across 
12 groups within different stem termination types of three 
crosses. 
The early and late maturity groups of 1X139 as well as 
the indeterminate group of 1X149 had significant genetic 
variance for plant N content at the Bruner Farm in 1988. 
However, in 1989 at that location, the semideterminates was 
the only group in which lines differed significantly in plant 
N content. At the Ross Farm in 1988 and Lippert Farm in 
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1989, there was no genetic variance for plant N content in 
all stem termination types. The early maturity group was the 
only group in 1X139 that had significant genetic variance for 
plant N in the Lippert Farm in 1989. Based on plant N data 
combined over two locations, the early maturity group of 
1X139 in 1988 and the semideterminate group of 1X149 in 1989 
were the only two groups that had significant genetic 
variance. 
Probabilities of a Greater F value for differences in 
seed yield among lines previously selected for morphological 
traits and duration of the seed filling period in the groups 
of both crosses for each year are shown in Tables 11 and 26. 
When the data were combined across the two locations in 1988, 
lines differed significantly in seed yield in all groups of 
both crosses except in the late maturity group of 1X139 and 
determinate group of 1X149. In 1989, the medium maturity 
group of 1X139 and the semideterminate group of 1X149 were 
the only two groups in which lines differed significantly in 
seed yield. 
Mean seed yield and % yield increase from selection for 
plant N for each year are shown in Tables 12 and 27. At the 
Bruner Farm, seed yield response to selection for plant N 
content in 1989 was more consistent than that of 1988. 
Across the groups of both crosses, seed yield increase from 
selection for plant N for 1988 and 1989 were 0.2 and 2.2%, 
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with a mean increase over two years being 1.2%. At the Ross 
Farm in 1988, the semideterminate and indeterminate groups of 
1X149 responded positively to selection for plant N and a 
yield increase of 1.4 and 9.3% was obtained, respectively. 
However, at the Lippert Farm in 1989, the semideterminate 
group of 1X149 as well as the late maturity groups of 1X149 
decreased in seed yield by 5.7% and 3.1%, respectively as a 
result of selection for plant N. Other groups of both 
crosses at the Lippert Farm, responded positively to 
selection for plant N and an average of 4.7% yield increase 
across the 4 groups was obtained. Based on data combined 
over two locations, selection for plant N decreased the seed 
yield in all maturity groups in 1988 whereas, it increased 
the seed yield in all groups of 1X139 in 1989. Mean yield 
decrease and increase across the 3 groups in 1988 and 1989 
was 2.7 and 2.1%, respectively. In the case of Stem 
termination types, selection for plant N increased the seed 
yield in the determinate, semideterminate, and indeterminate 
groups of 1X149 by an average of 0.5, 2.1, and 1.5% over two 
years, respectively. 
In order to be able to compare the effectiveness of the 
tandem selection schemes with direct selection for seed 
yield, lines with the highest seed yield (top 25%) within the 
groups of both crosses in the 1988 base populations were 
selected and the mean yield of selected lines in 1989 base 
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populations was compared with the mean yield of the lines in 
original population. Seed yield increased as a result of 
direct selection for high seed yield in all groups of both 
crosses, ranging from 1.4% in the early maturity group of 
1X139 to 6.2% in the semideterminate group of 1X149, with the 
mean across the groups being 4.2% (Table 35). This compares 
to a mean of 2.4% for the tandem selection schemes. 
It seems that the seed yield response to selection for 
plant N content among different groups in different years is 
not consistent. It is difficult to infer a definite and 
positive relationship between plant N content at the R5 stage 
and seed yield. Such a conclusion can be also drawn by the 
lack of significant correlations between plant N content and 
seed yield as well as seed N yield (Tables 13 and 28). 
The use of plant nitrogen concentration at R5 stage as a 
selection criteria seems to be a little more advantageous in 
terms of increasing the seed yield than selection for plant N 
content. Across the groups and two locations, selection for 
N concentration increased the seed yield by 3.8 and 1.1% in 
1988 and 1989, respectively compared to only 0.2 and 0.8% 
yield increase for the same years by selection for plant N 
content (Tables 14 and 29). Yield increase from selection 
using either trait was small. Plant N concentration also had 
a low and nonsignificant correlation with yield in all 
groups. 
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Table 35. Mean seed yield of the base and selected lines 
and % yield increase as a result of selection for 
high seed yield in the 1988 base populations in 
the groups of both crosses across two locations 
Groups # of lines Cross Seed yield (kg/ha) 
Early maturity 
Base 
Selected 
% increase 
79 
19 
139 
2618 
2655 
+1.4 
Medium Maturity 
Base 
Selected 
% increase 
93 
22 
139 
2616 
2698 
+3.1 
Late maturity 
Base 
Selected 
% increase 
41 
10 
139 
2568 
2696 
+5.0 
Determinate 
Base 
Selected 
% increase 
28 
6 
149 
2955 
3103 
+5.0 
Semideterminate 
Base 
Selected 
% increase 
40 
14 
149 
3073 
3264 
+6.2 
Indeterminate 
Basel 
Selected 
% increase 
34 
10 
149 
2895 
3019 
+4.3 
% mean increase +4.2 
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Direct selection for seed yield among lines, previously 
selected for morphological and developmental traits was also 
examined. Lines with the highest seed yield (top 25%) within 
the groups of both crosses in the 1988 selected populations 
were selected and the mean yield of selected lines in 1989 
selected populations was compared with the mean yield of 
lines selected in the first part of the tandem selection 
scheme. Table 36 shows the seed yield increase in 1988 from 
selection for high seed yield in the groups of both crosses 
in the 1988 selected populations. Direct selection for seed 
yield increased the seed yield in 5 of 6 groups of both 
crosses. Mean seed yield increase across the groups was 3.1% 
compared to 0.5 and 2.5% yield increase across the groups, 
location, and years from selection for plant N content and 
plant N concentration, respectively. 
Overall yield increases due to both portions of tandem 
selection scheme across the groups of both crosses was 2.3 
and 2.5% for 1988 and 1989, with an average over two years 
being 2.4%, respectively. This compares with a 4.2% increase 
in seed yield by selection for seed yield in the 1988 yield-
test plots and estimating the yield again in the 1989 yield-
test plots. 
In the second portion of the tandem selection scheme. If 
selection was for high seed yield instead of plant N content 
or plant N concentration, then the overall seed yield 
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Table 36. Mean seed yield of the base and selected lines 
and % yield increase as a result of selection for 
high seed yield in the 1988 selected populations 
in the groups of both crosses across two locations 
Groups # of lines Cross Seed yield (kg/ha) 
Early maturity 
Base 
Selected 
% increase 
19 
5 
139 
2676 
2741 
+2.4 
Medium Maturity 
Base 
Selected 
% increase 
22 
5 
139 
2649 
2763 
+4.3 
Late maturity 
Base 
Selected 
% increase 
10 
3 
139 
2704 
2838 
+5.0 
Determinate 
Base 
Selected 
% increase 
6 
2 
149 
2851 
2825 
-0.9 
Semideterminate 
Base 
Selected 
% increase 
14 
4 
149 
3115 
3336 
+7.1 
Indeterminate 
Basel 
Selected 
% increase 
10 
3 
149 
2983 
3011 
+0.9 
% mean increase +3.1 
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increase due to both portions of the tandem selection would 
be 4.9% (Tables 19, 34, and 35) compared to 4.2% in seed 
yield increase from direct selection for high seed yield in 
1988 and determining the yield again in 1989 yield test plots 
(Table 35). But, the 0.7% yield advantage of tandem 
selection over direct selection for seed yield required an 
extra year of work. However, 75% fewer lines would need to 
be yield tested as compared to yield testing the total base 
population. 
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SUMMARY AND CONCLUSIONS 
Two hundred seventy F7-derived indeterminate lines of 
1X139 and 375 lines with 3 different stem termination types 
of 1X149 were used to evaluate the response in seed yield to 
selection for morphological and developmental, and plant 
nitrogen traits, in a tandem selection scheme. In the first 
part of tandem selection, lines in each cross were subjected 
to independent culling for morphological traits and duration 
of the seed filling period. The traits that were evaluated 
and culled in the indeterminate and semideterminate groups, 
from the most important to the least important, were leaflet 
size (LS) at R5 stage, duration of seed filling period (SFP), 
lodging at maturity (LR7), and plant height at maturity 
(PHR7). In the determinate group, the traits were plant 
height at maturity (PHR7), duration of seed filling period 
(SFP), and leaflet size (LS) at R5 stage. Selection 
intensities for the indeterminate group for the above traits 
were 51, 67, 85, 85% respectively; for the semideterminates 
were 49, 70, 86, and 90%, respectively; and for the 
determinate group were 50, 75, and 85%, respectively. 
Overall selection intensity for each group was approximately 
25%. 
Following the 1987 growing season, extremely early and 
late maturing lines in each cross were deleted and the 
remaining lines in 1X139 were grouped into three maturity 
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groups, and in 1X149 were grouped into 3 stem termination 
types. The number of remaining lines in 1X139 was 213 and in 
1X149 was 102. The 3 groups of each cross were evaluated 
again for morphological traits and duration of seed filling 
period in 5-row plots. Seed yield of each line in the 1X139 
and 1X149 base populations was determined at two locations in 
each of two years, the Bruner and Ross Farms in 1988 and the 
Bruner and Lippert Farms in 1989. 
In the second part of the tandem selection scheme, lines 
previously selected for morphological and developmental 
traits in each group in 1987 were subjected to plant nitrogen 
evaluation at the R5 developmental stage. Evaluation was 
done in 1988 and 1989 at two locations per year, with two 
replications per location. Lines selected for high plant N 
content at the R5 stage represented the final population. 
The response to independent culling for morphological 
traits and duration of seed filling in the first part of 
tandem selection was, for the most part, positive, but the 
magnitude of response was small. Response to independent 
culling for decreased leaflet size was greater in the late 
maturity group of 1X139 and the indeterminate group of 1X149 
in 1989 than any other groups in each year, 12.9 and 17.9%, 
respectively. The magnitude of gain in duration of the seed 
filling period in response to culling was small in each year, 
ranging from 1.3 to 5.4%. Independent culling decreased the 
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lodging in most groups, particularly in the late maturity 
group of 1X139 in each year and the indeterminate group of 
1X149 in 1989. Plant height was decreased by a small amount 
in both years in the indeterminate groups and increased 
slightly in the determinate group as a result of independent 
culling. Response to culling for decreased plant height in 
the semideterminate group was negative and increased the 
plant height by 2.8% across the years. 
Independent culling for morphological and developmental 
traits increased the seed yield each year in all groups of 
both crosses except in the determinate group of 1X149. 
However, the magnitude of seed yield response was small, 
ranging from 0.7 to 6.7% with a mean across the 6 groups over 
the two locations in 1988 and 1989 being 2.1 and 1.6%, 
respectively. The late maturity group of 1X139 and the 
indeterminate group of 1X149 produced greater seed yield 
responses to independent culling than any other groups. Lack 
of seed yield advance in the determinate group of 1X149 in 
response to independent culling for morphological and 
developmental traits might be due to the limited number of 
lines that were used to evaluate the seed yield. 
In the second part of the tandem selection scheme, 
selection was for high plant N content at the R5 stage. 
Selection differentials in mean plant N varied widely across 
the groups and locations, ranging from 5.3% in the 
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determinate group of 1X149 in 1988 to 22.3% in the early 
maturity group of 1X139 in the same year. Across the groups 
and locations, the mean selection differentials were greater 
in 1988 than that in 1989 (10.5 vs 7.5%). 
Based on data combined over two locations, in 1988, 
selection for plant N increased the seed yield in only the 
semideterminate and indeterminate groups of 1X149 whereas, in 
1989, most groups increased in seed yield as a result of 
selection for plant N. However, the magnitude of yield 
response was small. In 1988, the semideterminates and 
indeterminates were the only groups in which selection for 
plant N did not reverse the effects of independent culling 
for morphological and developmental traits. Lines with high 
N content were generally larger in plant size and in some 
cases were larger in leaflet size and tended to lodge more, 
particularly in 1989. 
For the most part, response to independent culling in 
the first portion of tandem selection was positive in each 
year. However, in the second portion of tandem selection, 
response to selection for plant N was generally negative in 
1988 and positive in 1989. Overall yield increase due to 
both portions of tandem selection across the groups and 
locations was 2.2 and 2.5% in 1988 and 1989, respectively. 
Results from this study indicated that the seed yield 
response to selection for plant N among different groups in 
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different years was not consistent. Plant N seemed to play a 
minor role in determining the final seed yield. This 
conclusion is in agreement with the findings of other 
researchers that the N pool at the R5 stage was unrelated to 
seed yield (Zeiher et al. (1982); Egli et al. (1983); Buttery 
and Buzzell, 1988). Selection for plant N content, because 
of its low correlation with seed yield as well as seed N 
yield coupled with inconsistency in seed yield response, does 
not seem to be an efficient approach to enhance soybean seed 
yield. 
Selection for plant N concentration was a little more 
advantageous in terms of increasing the seed yield than 
selection for plant N content. But, because of its low and 
nonsignificant correlations with seed yield and its 
inconsistent seed yield response to selection among groups 
across the years, does not appear to play a major role in 
determining the final seed yield. 
Direct selection for seed yield within the groups of 
both crosses in the base as well as selected populations was 
more effective in increasing the seed yield than selection 
for either plant N content or plant N concentration. 
However, the seed yield increases as a result of direct 
selection was also small, averaging 4.2 and 3.1% in the base 
and selected populations, respectively. 
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Overall seed yield increases due to independent culling 
for morphological traits and duration of the seed filling 
period followed by selection for plant N content or plant N 
concentration were 2.4 or 4.3% across groups, locations, and 
years. In contrast, independent culling followed by direct 
selection for high seed yield, among selected lines in the 
first part of tandem, increased the seed yield by an average 
of 4.9%. Overall yield increase from direct selection for 
high seed yield in base population averaged 4.2%. 
Comparisons of the these yield advances indicated that 
the use of independent culling for morphological traits and 
duration of the seed filling period was not an efficient 
approach to enhance yield improvement in soybean due to the 
fact that it requires two years to complete the cycle and the 
process is labor-intensive. However, a tandem selection 
scheme utilizing independent culling followed by selection 
for plant N concentration and/or followed by direct selection 
for high seed yield among previously selected lines, even 
though it requires two years, can be considered to be good 
approaches to enhance seed yield in soybean. Use of 
independent culling was intended to cull lines that had 
obvious deficiencies in morphological and developmental 
traits before they are tested for plant N or seed yield. 
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